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PREFACE, 



LAND-ScBVEYiNa is pcrhaps the oldest of the mathematical arts. Indeed, 
Geometry itself, as its name — " Land-measuring " — implies, is said to 
have arisen from the efforts of the Egyptian sages to recoyer and to fix 
the land-marks annually swept away by the inundations of the Nile. 
The art is also one of the most important at the present day, as deter- 
mining the title to land, the foundation of the whole wealth of the 
world. It is besides one of the most useful as a study, from its 
striking exemplifications of the practical bearings of abstraet mathematics. 
But, strangely enough, Surveying has never yet been reduced to a system- 
atic and symmetric whole. To effect this, by basing the art on a few 
isimple principles, and tracing them out into their complicated ramifications 
and varied applications l^which extend from the measurement of " a mow- 
ing lot " to that of the Heavens) , haa been the earnest endeavor of the- 
present writer. 

The work, in its inception, grew out of the author's own needs. Teach- 
ing Surveying, as preliminary to a course of Civil Engineering, he 
found n n f th b L n (th n h y x II t m ny p t ) 
suited t h p poie H w th f mp 11 d to t h th ubj t 

by a comb a t n f f ra 1 1 tu n t p n j.1 an 1 mj 1 fi 
tiona of ta p a t H n te nt nually w il g bulk gr In Ily 

became y tematiz dnnalyth y ntfmad nl151 h printed 
a synopsis of them for the use of his classes. His system has thus 
been fully tested, and the present volume is the result. 
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IV LAISD-SIIRTEYmG. 

A doable objeot has been kept in view in its preparation; viz. te 
prodaoe a very plain introduction to the subject, easy to be mastered by 
the young soliolar or the practical taan of little previous acquirement, 
the only pre-requisitea being arithmetic and a little geometty; and at the 
same time to make the instruction of such a character as to lay a founda- 
tion broad enough and deep enough for the most complete superstructure 
which the professional student may subsequently wish to raise upon it 

For the convenience of those wishing to make a hasty examination of 
the book, a summary of some of its leading points and most peculiar 
features will here be given. 

I. AM the operations of Snrvei/inff are deduced from only five simple 
principles. These principles are enunciated and illustrated in Chapter 1, 
of Part I, They will be at once recognized by the Geometer as familiar 
systems of " Co-ordinates;" but they wore not here arbitrarily assumed in 
advance. They were arrived at most practically by analyzing all the 
numerous and incongruous methods and contrivances employed in Sur- 
veying, and rejecting, one after another, all extraneous and non-essential 
portions, thus reducing down the operations, one by one and step by 
step, to more and more general and comprehensive laws, till at last, 
by continual elimination, tjiey were unexpectedly resolved into these 
few and simple principles ; upon which it Is here attempted to build up 
a symmetrical system. 

II. The three operations common to all kinds of Land-survojing, viz. 
Making the Measurements, Drawing the Maps, and Calculating the 
Contents, are fully examined in advance, in Part I, Chapters 2, 3, 4, 
so that when the various methods of Surveying are subsequently taken 
up, only the few new points which are peculiar to each, require to be 
explained. 

Each kind of Surveying, founded on one of the five fundamental prin- 
ciples, is then esplained in its turn, in the successive Parts, and each 
carefully kept distinct from the rest. 
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Prefiuct V 

m. A complete system of Surveying with only a chain a rope or 
any substitut*, (invaluable to farmers having no other mstruments ) it, 
Tery fully developed in Part II. 

IV. The various Problems in Chapter 5 of P^lt II will be fiuud 
to constitute a course of practical Geometry on the ground \a sdihb 
of their demonstrations involve the "Theory of Transversals etc a 
beautiful supplement to the ordinary Geometry^ a carefully digesled 
summary of its principal Theorems is here given for the fir'it *ime m 
English. It will be found in Appendix B. 

V. In Compass Surveying, Part III, the Field work, in Chapter 3, 
is adapted to our American practice ; some new modes of platting bear- 
ings are ^ven in Chapter 4, and in Chapter 6, the rectangular method 
of calculating contents is much simplified. 

VI. The effects of the continual change in the Variaiiun of the mag- 
netic needle upon the surveys of old lines, the difficulties caused by it, 
and the means of remedying them, are treated of with great minnleness 
of practical detail. A new table has been calculated for the time of 
"greatest Azimuth," those in common use being the same aa the one 
prepared by Gummere in 1814, and consequently greatly in error now 
from the change of place of the North Star since that date- 

VII. In Part IV, in Chapter 1, the Transit and Theodolite are 
explained in every pointj; in Chapter 2, all forms of Verniers are shewn 
by numerous engravings; and in Chapter 3, the Adjustments are 
elucidated by some novel modes of illustration. 

Vm. In Part VII, will be found all the beat methods of overcoming 
obstacles tfl sight and to measurement in angular Surveying. 

IX. Part XI contains a very complete and Byatematic collection of 
the principal problems in the Division of Land. 

X. The Methods of Surveying the Public Lands of the United States, 
of marking lines and corners, &;e., are given in Part XII, from official 
documents, with great minuteness; since the subject interests so many 
land-owners residing in the Eastern aa well as in the Western States. 
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n LAND-S»RTE¥INC. 

XI. The Tables comprise a Traverse Table, computed for this volume, 
and giving increased accuracy in one-fifteenth of the usual space ; a 
Table of Chords, appearing for the first time in English, and supplying 
the most accurate method of platting angles ; and a Tahle of natural 
Sines and Tangents. It was thought best not to increase the size of 
the volume with Logarithmic Tables, not absolutely necessary for its 
purposes, and to be found in all Trigonometries. The tables are printed 
on tinted paper, on the eye-saving principle of Babbage. 

XII. The great number of engraved illustrations, most of them orig- 
inal, is a peculiar feature of this volume, suggested by the experience of 
the author that one diagram is worth a page of print in giving clearness 
and definiteneas to the otherwise vague conceptions of a student. 

XIII. The practical details, and hints to the young Surveyor, have 
been made esceedingly full by a thorough examination of more than fifty 
works on the subject, by English, French and German writers, so as t« 
make it certain that nothing which could be useful had been overlooked. 
It would be impossible to credit each item (though this has been most 
scrupulously done in the few cases in which an American writer has been 
referred to), but the principal names are these: Adams, Ainslie, Baker, 
Begat, Belcher, Bourgeois, Bourns, Brees, Bruff, Burr, Castle, Fran- 
eoeur, Frorae, Galbraith, Gibson, Guy, Hogard, Jackson, Lamotte, 
Lefevre, Mascheroni, Narrien, Nesbitt, Pearson, Puille, Puissant, Reg- 
nault, Richard, Serret, Simms, Stevenson, Weisbaeh, Williams. 

Should any important error, either of printer or author, be discovered 
(as is very possible in a work of so much detail, despite the great care 
used) the writer would be much obliged by its prompt eommunicatioc. 

The present volume will be followed by another on Levelling and 
HiQHBB Sdrvbyinq : embracing Levelling (with Spirit-Level, Theodo- 
lite, Barometer, etc.) ; its applications in Topography or Hill-drawing, 
in Mtning Surveys, etc. ; the Sextant, and other reflecting instruments; 
Maritime Surveying ; and Geodesy, with its practical Astronomy. 
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GENERAL DIVISION_OF THE SUBJECT. 

[A full Analytical Tabk of CimleiUs is gii/ea al ike end of tie vohme.'] 
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TO TEAOHERS AND STUDENTS. 



Ai is it drairable lo obtain, at Ae enrliiil possible ptrind, a SK#cieji! kmnslcd^e of the gntral 
principltt of Surveying to coiamence ia practice, the Student at hU ^tt tecding may omit the 
ponloat indicated beloot and take them up BvbBeqaentl]i in connection with Ais reolea of hit studiea. 
Tie lime enittioni may be made by TeaeAers whoii claseei kase oafy a ihart time for thie study. 

In PART I, omit only Articla (4S), (17), (48), (51), (T2), (94), ^5). 

ta FAST II, omit, in Chapter ir, (127), (ISS), (129), (130); and in Oi^er V, liarA at Jint 
imder tack Frohlan, only one or ouo of Ike limpler milhiiit. 

m PART III, omit only (325), (SM), SM), (233), (241), (S31), (280), (397), (323), 

TktnposeooerPARTlVi and in PART V, ni*e on^ (379), (380) j «nd (391) M (39!il. 

Thai pats OTjer FART VI; and go w PART VII, (if the itudcnt hoe tiudied Trigonometry), 
and omit (423) ; (434) lo (438) ,■ and all of Chapter IV, rasp! (439) and (4i0). 

PART VIII aay be pasted over; and PARTS IX and X may he taken in full. 

In PART XI, lulu all of (^SopUr /,- and in Ciapleri TI and III, lake only the simpler con 
Vuaient. boi omUling, koaerer, (517), (518) onJ (538). 

In PART XII, take (5«0), (561), (505), (506). 

Appendic C, on LEVELLING, may conclude !*« airidgid coune. 
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LMD-SURVEYINa. 



PART I. 

GENERAL PRrNCIPLES 
FUNDAMENTAL OPERATIONS. 



OEFIPflTIOSrS AND METHODS. 

(1) Sdevbying is the art of making such measuroments as irill 
detennine the relative positions of any points on the surface of the 
earth ; so that a Map of any portion of that surface may be drawn, 
and its Content calculated. 

(J) The position of a point is said to be determined, when it is 
known how far that point is from one or more given points, and in 
what direction there-from ; or how fii.r it is in front of them or 
behind them, and how far to their right or to their left, &c ; so 
that the place of the first point, if lost, could be again found by 
repeating these measurements in the contrary direction. 

The " points" which are to he determined in Surveying, are not 
the mathematical points treated of in Geometry ; but the comers 
of fences, boundary stones, trees, and the hke, which are mere 
points ill compaaison with the extensive surfaces and areas wluch 
they are the means of determining. In strictness, their centres 
should bo regarded as the points alluded to. 
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10 GENERlIi FRIIVCIPLES. [part i. 

(3) A straight ii'rte is "determined," that is, has its length 
and its position known and fixed, when the points at its extrem- 
ities are determined ; and a plane Surface haa its form and dimen- 
sions determined, when the lines which bound it are determined. 
Consequently, the determination of the relative positions of points 
is all that is necessary for the principal objects of Snrreying ; 
which are to make a map of any surface, such as a field, farm, 
state, &c., and to calculate ita content in square feet, acres, or 
square miles. The former is an- application of Drafting, the latter 
of Mensuration. 

(4) The position of a pomt may be determined by a variety of 
methods. Those most frequently employed in Surveying, are the 
following : 

(5) Fir«t Method. Bi memuring the distances from the re- 
quiredpoint to tuo gtien points 

Thus, in Fig 1, the pomt S la " deter- ^'^' ^* 

mined," if it is known to te one inch ,^-' • 

from A, and h'vlt an nith frjm B : for, ,-'' \ 

i place, if lost could bt found by de- 



scribing two arcs of circles, from A and B as centres, and with the 
given distances as radii. The required point would be at the 
intersection of these arcs. 

In applying this principle in surveying, 8 may represent any 
station, such as a comer of a field, an angle of a fence, a tree, a 
house, &c. If then one comer of a field be 100 feet from a 
second comer, and 50 feet from a third, the place of the first coiv 
ner is known and determined with reference to the other two. 

There will be two points f ulfillin g this condition, one on each ado 
of the ^ven line, but it will always be known which of them is the 
one desired. 

In Qeography, this principle is employed to indicate the posi- 
tion of a town ; as when we say that Buffalo is distant (in a straight 
line) 295 miles from New-York, and 390 from Cincinnati, and 
thus convey to a stranger acquainted with only the last two places 
a correct idea of the position of the first. 
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cHAFi.] DeflnltioDS and Methods, 11 

In Analytical Geometry, the lines AS and BS are known aa 
"Focal Oo-ordinaUi ;" the general name "co-ordinates" being 
applied to tlie lines or angles which determine the position of a 
point. 

(6) Second method. By measuring ike perpendicular dis- 
tance from the required point to a given, line, and the distance 
thence along the line to a given point. 

Thus, in Fig. 2, if the perpendicnlar dis- fig- 2. 

tance SC be half an inch, and CA be one [ 

inch, the point S ia " determined " : for, its I 

place conld be again fonnd by measuring one [ 

mch from A to C, and half an inch from C, .£ 6 

at right angles to AC, which would fix the point S. 

The PubUc Lands of the United States are laid out by this 
method, aa will be explained in Part XII. 

In G-eography, this prmeiple ia employed under the name of 
Latitude and Lon^tude. 

Thus, Philadelphia is one degree and fifty-two minutes of longi- 
tude east of Washington, and one degree and three minutes of lati- 
tude north of it. 

In Analytical Geometry, the lines AC and CS are tnown as 
"Bectangular Oo-ordinates." The point is there regarded as 
determined by the intersection of two lines, drawn parallel to two 
fixed lines, or " Axes," and at a given distance from them. These 
Axes, in the present figure, would be the line AC, and another 
Une, perpendicular to it and passing through A, as the origin. 

(7) Third Method. By measuring the angle between a given 
line and a line drawn from any given point of it to the required 
poini; and also the length of this latter line. 

Thus, in Fig. 3, if we know the angle Fig_3_ 

BAS to be a third of a right angle, and Sc 

AS to be one inch, the point S ia determin- ,,-'' 

ed ; for, its place could be found by drawing ^■'' 

from A, a line making the given angle withA'"^^^ — — ■ — - — b 

AB, and measuring on it the given distance. 
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12 CENERAL PRINCIPLES. [part i. 

In applying this principle in surveying, S, as before, may repre- 
sent any station, and the line AB may be a fence, or any other 
real or ima^ary line. 

In " Compaes Surveying," it is a north and south line, the direc- 
tion of ■which is given by the magnetic needle of the compass. 

In Geography, this principle is employed to determine the rela- 
tive positions of places, by " Bearings and distances" ; as when we 
say tiiat San Francisco is 1750 miles nearly due west from St. Louis ; 
the word " west" indicating the direction, or angle which the line 
joining the two places makes with a north and south line, and 
the number of miles ^ving the length of that hne. 

In Analytical Q-eometry, the line AS, and the angle BAS, are 
called " Polar Oo-ordinates." 

(8) Pourth Mclhoi. By measwring the angles made with a 
given line ly two other Unes starting from given points upon it, 
and passing ^rough the required point. 

Thus, m Pig. 4, tbe point S is detei^ Fig. i. 

mined by being in the interaectioa of the ,^ 

two lines AS and ES, which make re- ^''' \ 

spectively angles of a half and of a third ^,-''' 
of a right angle with the line A3, which * ' S 

is one inch long ; for, the place of ttie point could be found, if lost, 
by drawing from A and B lines making with AB the known angles. 

In G-eography, we might thus fix the position of St. Louis, by 
saying it lay nearly due north from New-Orleans, and due west 
from Washington. 

In Analytical Q-eometry, these two angles would be called 
"Angular Go-ordinatei." 

(9) In Fig. 5, are shown together all fig. 5. 
the mea3\u:ementa necessary for determin- 
mg the same point S, by each of the four 
preceding methods. In the First Me- 
thod, we measure the distances AS and 
BS ; in the Second Method, the distances AC and CS, the latter 
at right angles to the former ; in the Third Method, flie distance 
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AS, and the angle SAB ; and in the Fourth Method, the angles 
SAB and SBA, In all these methods the point is really deter- 
mmed by the intersection of two lines, either straight lines or 
arcs of circles. Thus, in the First Method, it ia determined by 
the intersection of two circles ; in the Second, by the intersection 
of two straight lines ; in the Third, by the intersection of a straight 
line and a circle ; and in the Fourth, by the intersection of two 
straight lines. 



(10) Fiftll IHetllodi Sy measuring the angles made with each 
other by three lines of sight passing from the required point to 
three points whose positions are linown. 

ThuB, in Kg. 6, the point S is deter- Fig.£. 

mined by the angles, ASB and BSC, 
ma'ie by the three lines SA, SB and 
SO. 

Geographically, the position of Chi- 
cago would be determined by three 
straight lines passing from it to Wash- 
ington, Cincinnati, and Mobile, and mak- 
ing known angles with each other ; that of the first { 
lines being about one-third, and that of the second and third lines, 
about one-half of a right angle. 

From the three lines employed, this may be named the Method 
of Trilinear co-ordinates. 




(II) The position of a point is sometimes determined by the 
intersection of two lines, which are themselves determined by their 
extremities being ^ven. Thus, in Fig. 7, f>s- ^■ 

the point S is determined by its being sit- 
uated in the intersection of AB and CD, 
This method is sometimes employed to fix 
the position of a Station on a Rail-Road 
line, &c., when it occurs in a place where 
a stake cannot be driven, such as in a pond ; and in a few other 
cases ; but is not used frequently enough to require that it should 
be called a sixth principle of Surveying. 
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14 GENERAL PRISTCIPLES. [part i. 

(12) These five methods of determining the positions of points, 
produce five corresponding systems of Surveying, which may be 
named as follows : 

I. DIAGONAL SURVEYING. 

n. PERPENDICULAR SURVEYING. 
HI. POLAR SURVEYING 
IV. TRIANGULAR SURVEYING. 

V. TRILINEAR SURVEYING. 

(13) The above division of Surveying has been made in har- 
mony with the principles involved and the methods employed. 

The subject is, however, sometimes divided with reference to the 
iniia'ummts employed ; as the chain, either alone or with cross- 
staff; the compass ; the transit or theodolite ; the sextant ; tiie 
plane table, &c. 

(14) Surveying may also be divided according to its objects. 

In Land Surveying, the content, in acres, kc, of the tract sur- 
veyed, is usually the principal object of tlie survey. A map, 
showing tlie shape of the property, may also be required. Certain 
signs on it may indicate the different kinds of culture, kc. This 
land may also be required to be divided up m certain proportions ; 
and the lines of dirision may also be required to he set out on the 
ground. One or all of these objects may be demanded in Land 
Surveying, 

In Topographical Surveying, the measurement and graphical 
representation of the inequalities of the ground, or its " rehef," i. e. 
its hills and hollows, as determined by the art of " Levelling," is 
the leadmg object. 

In Maritime or Rydrographical Surveying, the poations of 
rocks, shoals and channels are the chief subjects of examination. 

Li M.ning Surveymg, the directions and dunensions of the sub- 
terranean passages of mines are to he determined. 
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CEAF. i] Definitions and M«tbods. 15 

(15) Surveying may also be divided according to the extent of 
the district surveyed, into Plane and G-eodesic. Greodesy takes 
into account the curvature of the earth, and employs Spherical 
Trigonometry. Plane Surveying disregards this curvature, as a 
needless refinement except in very extensive surveys, such as those 
of a State, and considers the surface of the earth as plane, which 
may safely be done in surveys of moderate extent. 

(16) Land 8wn>&ying is the principal subject of tins volume ; 
the surface surveyed being regarded as plane; and each of the 
five Methods being in turn employed. For the purposes of instruc- 
tion, the subject will be best divided, partly with reference to the 
Methods employed, and partly to the Instruments used. Accord- 
ingly, the First and Second Methods (Diagonal and Perpendic- 
ular Surveying) will be treated of under the title " Chain Survey- 
ing," m Part II. The Third Method (Polar Surveying) -will be 
explained under the titles- " Compass Surveying," Part HI, and 
" Transit and Theodolite Surveying," Part IV. The Fourth and 
Fifth Methods will be found under their own names of " Triangu- 
lar Surveying," and " Trilinear Surveying," in Parts V and "VT. 

(IJ) In all the methods of Land Surveying, there are three 
stages of operation : 

1° Measuring certain Unes and angles, and recording them ; 
2'' Drawing them on paper to some suitable scale ; 
Z'^ Oalealaiing the content of the surface surveyed. 
The three foUomng chapters will treat of each of these topics in 
their turn. 



Hosted by 



Google 



le FUNDAMENTAL OPERATIONS. [pari i. 

CHAPTER II. 

IHIKING THE ItlEASUREIHEIVTS. 

(18) The Measurements which aro required in Surveying, may 
be of lines or of angles, or of both ; according to the Method em- 
ployed. Each will be successively considered. 

MEASURING STRAIGHT LINES. 

(19) The lines, or distances, which are to be measured, may be 
either actual or visual. 

Actual lines are such as really ejdst on the surface of the laud 
to be surveyed, cither bounding it, or crossing it ; such as fences, 
ditches, roads, streams, &c. 

Visual lines are imaginary lines of sight, either temporajrily 
measured on the groimd, such as those joining opposite comers o£ 
a field; or simply indicated by stakes at their extremities or other- 
wise. If long, they are " ranged out" by methods hereafter to be 
described. Lines are usually meaBured with chains, tapes or rods, 
^vided into yards, feet, hnks, or some other unit of measurement. 

(20) fiHllter*s Chain, This is the measure most commcmly 
used in Land surveying. It is 66 feet, or 4 rods long.* Eighty 
such chains make one mile. 

Fig. 3, 



:> 



It ia composed of ooe hundred pieces of iron irire, or links, each 
bent at the end into a ring, and connected with the ring at the end 
of the next piece by another ring. Sometimes two or three rings 
are placed between the links. The chain is then less liable to 

* This length wan chosen (by Mr. Edward Gunler) because 10 square chain* 
of 66 feet laAe one acre, (as ivill be flliown in Chapter IV,) and the com^atatioii 
of areaa is thus greatly facilitated. For other Surveying parposes, particularly 
for Eail-road work, a chain of 100 feel is preferable. On the U.iiimI Stales 
Coaat Survey, the nnit of meaauremeiil (wiiith at some future time vfill ba the 
aniversal one) is the French Metre, equal to 3.381 feet, nearly. 
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twist and get entangled, or " kinked." Two or more swivels are 
also jnserfced in the chain, so that it may turn around without twist- 
ing. Every tenth link is marked by a piece of brass, having one, 
two, three, or four points, corresponding to the number of tens 
which it marks, counting from the nearest end of the chain.* The 
Buddie or fiftieth hnk is marked by a round piece of brass. 

The hundredth part of a chai^i is called a link.t The great 
advantage of this is, that since links are decimal parts of a chain, 
tihey may be so written down, 5 chains and 43 links being 5.43 
chtdns, and all the calculations respecting chains and links can then 
be performed by the common rules of decimal Arithmetic. Each 
link is 7.92 bches long, being = 66 X 12 -^- 100. 

The following Table wUl be found convenient : 



CHAINS INTO FEET. | 


CHAINS. 


FEET. 


cm] 


[NS. FEET. 


0.01 


0.66 


1 


00 66. 


0.02 


1.82 


2 


132, 


COS 


1.98 


3 


198. 


0.04 


2.64 


4 


264. 


().ll.^ 


3..S0 


h 


330. 


0.06 


3.96 


6 


396, 


0.07 


4.62 


7 


462. 


0.08 


6.28 


f 


528. 


0.09 


6.94 


S 


694. 


0.10 


6.60 


10 


660. 


0.20 


13.20 


20 


1320. 


0.30 


19.80 


3(: 


1980. 


0.40 


26.40 


4( 


2640. 


0..'ill 


33.00 


.« 


3300. 


0.60 


39.60 


6(1 


3960. 


0.70 


46.20 


JO 


4620. 


0.80 


52.80 


K(l 


6280. 


0.90 


69;40 


9(1 


6940. 


1.00 


66.00 


100 


6600. 



FEET INTO UNKS. | 


EBET. 


LINKS, 


FEET. 


LINKS. 


0.10 


0.16 


10. 


16.2 


0.20 


0.30 


16 




22.7 


0.25 


0.38 


a: 




30.3 


0.80 


0.45 


26 




37.9 


0.40 


0.60 


3(, 




46.4 


0.60 


0.76 


3? 




60.0 


0.60 


0.91 


36 




53.0 


0.70 


1.06 


4(, 




60.6 


0.76 


1.18 


46 




68.2 


0.80 


1.21 


6(1 




75.8 


0.90 


1.86 


,66 




83.8 


1.00 


1.62 


6i; 




90.9 




3.0 


66 




98>6 




4.5 


7(1 




106.1 




6.1 


75 




113.6 


5. 


7.6 


8(1 




121.2 




9.1 


86 




128.8 




10.6 


9(1 




186.4 




12.1 


96 




143.9 




13.6 


100 




151.6 


f calling 


„,,.ix,> 


jovth 


MJ 


, Mventyi 



' To prevent the very oi 

it haa been suggesled fo make the lltb, 21at, '< — . . , . 

would' at once Aiow on which side of the mitldle of the chain was the doubtfal 
marh. This would be paiiicularly useful in Mining Surveying, 

t Tbis must not be canfoanded with tbe pieces of wive which have the game 

lingr or tuDiieF accocding t( 
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To reduce links to feet, subtract from the number of links aa 
many units as it contains hundreds ; multiply the remainder by 2 
and divide by 3. 

To reduce feet to links, add to tlie ^ven number half of itself, 
and add one for each hundred (more exactly, for each ninety-nine) 
in the sum. 

The chain is liable to be lengthened by its rings being pulled 
open, and to be shortened by its linWa being bent. It should there- 
fore be frequently tested by a carefully-measured length of 66 feet, 
aet out by a standard measure on a flat surface, such as the top 
of a wall, or on smootti level ground between two stakes, their 
centres being marked by small nails. It may be left a little longer 
dian the true length, ance it can seldom be stretched so as to be 
perfectly horizontal and not hang in a curye, or be drawn out in a 
■perfectly straight line." Distaneea measured with a perfectly 
accurate chain will always and unavoidably be recorded aa longer 
than they really are. To ensure the chain being always strained 
with the same force, a spring, like that of a spring-balance, 
is sometiiaes placed between one handle and the rest of the 
chain. 

If a line has been measured with an incorrect chain, the trae 
length of the Hne will be obtained by multiplying the number of 
chains and links in the measured distance by 100, and dividing by 
the length of the standard distance, as given by measurement of 
it with the inc<jrrect chain. The proportion here employed is this : 
As the length of the standard ^ven by the incorrect chain Is to 
the true length of the standard. So is the length of the line gven 
by the measurement To the true length. Thus, suppose that a 
line has been measured with a certain chain, and found by it to be 
ten chains long, and that the chain is afterwards found to have been 
so stretched that the standard distance, measured by it, appears to 
be only 99 links long. The measured Ime is therefore longer 
than it had been thought to be, and its true length is obtained 
by multiplying ten by 100, and dividing by 99. 

• The chain used by ihe Governinejn Surveyors of France, which is 10 Metres, 
or about half a Gunter's chain in length, is made from one-fiiWi to two-fiftha of an 
inch longer than the slautiat-d. An inBccuracy of one five hunilredth of ils length 
\" IJ inchee on a Gimlet's chain) ii the iitmoat allowed not to vitiate the miyaj. 
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(21) Pins. Ten iron jans or " arrows," usually accompany the 
chain.* Thej are about a foot long, and are made of stout iron 
wire, sharpened at one end, and bent into a ring at the other. 
Pieces of red and whito clotii should be tied to their heads, 80 that 
they can be easily found in grass, dead leaves, &c. 

They should be strung on a ring, which has a spring catch t« 
retain them. Their usual form is shown in Fig. 9. P''$- 9- r^K- lO- 
Fig. 10 shows another form, made very large, and ^ ^ 

therefore very heavy, near the point, so that when f / 

Md by &? to^ aad (Ireppedi it aay fail fertically. 

The uses of this will be seen presently. 

(22) On irregular ground, two stout stakes about 
six feet long are needed to put the forward chain- 
man in line, and ta enable whichever of the two is 
lowest, to raise his end of the chten in a truly vertical line, and to 
strain the chain strmght. 

A number of long and slender rods are also necessary for 
" ran^g out " lines between distant pomts, in the maimer to be 
explained hereafter ; in Part II, Chapter V. 



(23) How to Chi^n. Two men are required ; a forward chain- 
main, and a hind chain-man ; or leader and follower. The latter 
takes the handles of the chain in his left hand, and the chain itself 
in his right hand, and throws it out in the direction in which' it ia to 
be drawn. The former takes a handle of the chain and one jmi in 
his right hand, and the other pins (and the staff, if used,) ■ in his 
left hand, and draws out the chain. The follower ^n walks 
beside it, examining carefully that it is not twisted or bent. He 
then returns to its hinder end, which he holds at the beginning of 
the line to be measured, puts his eye exactly over it, and, by the 
words " Right," " Left," directs the leader how to put his staff, 
or the pin which he holds up, " in Une," so that it may seem to 
cover ami hide the flag-staff, or other object at the end of the line. 



* EleTea pins are sometimea used, one b«ing of brags. Nine of iron, with four 
or eight of brass, may alao be employed. Their uses are expluned in Arttotes 
[2S) and (34). 
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The leader all the while keeps the chain tightly stretched, and his 
end of it touching his staff. Every time he moves the chain, he 
should sta-aighten it by an undnlaiing shake. TMien the staff (or 
pin) ia at last put "in line," the follower saya "Down." The 
leader then puts in the single pin precisely at the end of the chain, 
and replies " Down." The follower then (and never before hearing 
this signal that the point is fixed) loosens his enS of the chain, 
retaining it in his hand. The leader draws on the ch^, making 
a step to one side of the pin jnst set, to avoid drag^ng it out. He 
dioiJcl keep his eye steadily on the object ahead, or, in a hollow, 
should line himself approximately by looking back. The follower 
should count his steps, so as to know where to look for the pin in 
high grass, &c. As he approaches the pin, he calls " Halt," On 
reaching it, he hfids the handle of the chain against it, pressing 
his knee against both to keep the pin firm. He then, with his eye 
over the pin, " lines" the leader as before. ^Vhen the " Down" 
has been again caUed by the follower, and answered by the leader, 
flie former pulls out the pm with the chain-haod, and carries it in 
his other hand, and they go on as before.* The operation ia 
repeated till the leader has arrived at the end of the line, or has 
put down aU his pins. 

When the leader has put down his tenth pin, he draws on the 
chain its length fart;her, and after being lined, puts his foot on the 
handle to keep it firm, and calls " Tally." The follower then 
drops his end of the chsun, goes up to the leader and gives him 
hack all the pms, both counting them to mate sure that none have 
been lost. One pin is then put down at the forward end of the 
chain, and they go on as before. 

Some Surveyors cause the leader to call " tally" at the tenth 
pm, and then- exchange pins ; but then the follower has only the 
hole made by the pin, or some ether indefinite mark, t» measure 
from. 

Eleven pins are sometimes preferred, the eleventh being of brass, 
or otherwise different from the rest, and being used to mark the 

"When a Bhain'B ieogth would end in a ditch, pool of waler,&e. Biid (he chain- 
men are afraid of wettine their feet, liley can measure pail of a chain, to the edge 
of the water, then stretch the. cliBia- across it, and then measure another portion 
of a chain, so that with the former porlioa, it may make up ai fuli ehaiti. 
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end of the eleventh chain ; another being subatdtuted for it before 
the leader goes on. 

The two chain-men may change duties at each change of pins, 
if they are of equal bMU, but the more careful and iHt«lligent of 
two laborers should generally be made " follower." 

When the leader reaehes the end of the line, he stops, and holds 
his end of the chain against it. Tbe foUower draps his end and 
counts the liaks beyond the last pin, noting carefully on which side 
of the "fifty" mark it comes. Each pin now held by ihe follower, 
including the one in the ground, represents 1 chain ; each tine 
■" taUy " has been called, and the pins exchanged, represents 10 
chains, and the links just counted make up the total distance. 

(21) Tallies. In chaining very long distances, there is danger 
of miscounting the number of " taUies," or tens. To avoid mis- 
takes, pebbles, &c., may be chMiged from one pocket into another 
at each cbaage of frina ; or bita of leather on a -eord may be slip- 
ped from one side to the other ; or knots tied on a string ; but the 
best plan is the following. Instead of ten iron pins, use nine iron 
pins, and four, or eight, or ten pins of brass, or very .much longer 
than the rest. At the end of the tenth chain, the iron pins being 
exhausted, a brass pin is put down by the leader. The follower 
then comes up, and returns the nine iron pins, but retains the brass 
one, with the additional advantage of having this pin to measure 
from. At the end of the twentieth chain, the same operation is 
repeated ; and so on. When the measurement of the line is com- 
pleted, each brass pin held by the follower counts ten chains, and 
each iron pin one, as before. 

(25) Chaining on Slopes. All the diatances employed in 
Land-aurveying must be measured hoiizontally, or on a level ; for 
reasons to be ^ven in chapter IV. When the ground slopes, it is 
therefore necessary to make certain allowances or corrections. If 
the slope be gentle, hold the up-hill end of the chain on the ground, 
and raise the down-hill end till the chain is level. To ensure the 
elevated end being exactly over the desired spot, raiae it along a 
staff kept vertical, or drop a pin held by the point with the ring 
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downwards, (if you have not tho heavy pointed ones shown in Jig. 
10), or, which is better, use a p)viinb-Une. A person standing 
beside the chain, and at a little distance from it, can best tell if it 
be nearly level. If the hill be so steep that a whole chain cannot 
be held up level, use only half or qnarter of it at a time. Great 
care is necessary in this operation. To n 
stretch the whole chain in line. Hold the 
upper end fast on the ground. Raise up 
ttie 20 or 30 iiuk-mark, so that that portion 
of the chain ^ level. Drop a plumb-line or 
jrin. Then let the follower come forward 
and hold down that link on this spot, and the leader hold up an- 
other short portion, as before. Chaining down a slope is more 
accurate than chaining up it, shice in the latter case the follower 
cannot easily place his end of the chain exactly over the pm. 

, (26) A more accurate, though more troublesome, method, is to 
measure the angle of the slope ; and make the proper allowance 
by calculation, or by a table, previously prepared. The correction 
being found, the chain may be drawn forward the proper number 
of links, and the correct distance of the various points to be noted 
will thus be obtained at once, without any subsequent caleulaiioa 
or reduction. If the survey is made with the Theodolite, the slope 
of the ground can be measured directly. A " Tangent Scale," for 
the same purpose, may be formed on the sides of the sights of a 
Compass. It will be described when that instrument is explmned. 

In the following table, the first column contains the angle which 
the surface of the ground makes with the horizon ; the second 
column contains its slope, named by the ratio of the perpen(^cular 
to the base ; and the third, the correction in links for each chain 
measured on the slope, i, e. the difference between the hypothenuae, 
which is the distance measured, and the horizontal base, which is 
the distance desired. 
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TABLE FOR CHAINING ON SLOPES. 



AHSLE. 


SLOPE. 


COERECTIOS 
IN LINKS. 


ANGLE. 


SLOPE. 


CORRECTION 
IN LINKS. 


8<> 


1 in 19 


0.14 


130 


lin4J 


2.66 


40 


liiil4 


0.24 


140 


lin 4 


2.97 


6° 


1 in llj 


0.S8 


150 


lin 4 


3.41 


60 


lin 91 


0.55 


I60 


lin 3} 


3.87 


70 


lin 8 


0.76 


170 


lin 35 


4.37 


8= 


lin 7 


0.97 


180 


lin3J 


4.89 


9= 


lin 65 


1.23 


190 


lin 3 


5.45 


10= 


lin 6 


1.53 


200 


lin2i 


6.03 


110 


lin 61 


1.84 


250 


lin2 


9.37 


12° 


lin 4} 


2.19 


300 


linli 


13.40 



(27) Chaining is lie fimdamenta) operation in all kinds of Sw- 
veyiag. It lias for this reason been very minutely detailed. The 
"follower" is the most responable person, and the Surveyor will 
best ensure his accuracy by taking that place himself. If he has 
to employ inexperienced laborers, he will do well to cause them to 
measure the distance between any two points, and then remeasure 
it m the opposite direction. The difference of their two results 
wiU impress on them the necessity of great carefulness. 

To " do up" the chain, take the middle of it in the left band, 
and with the right hand take hold of the doubled chain just beyond 
the second link ; double up the two links between your hands, 
and continue to fold up two double links at a lime, laying each pair 
obliquely across the others, so that when it is all- folded up, the 
handles will be on the outside, and the chain will have an houi^glass 
shape, easy to strap up and to carry. 

(28) Tape. Though the chain is most usually employed for the 
principal measurements of Surveying, a tape-line, divided on one 
ride into Imks, and on the other into feet and inches, is more con- 
venient for some purposes. It should be tested very frequently, 
particularly after getting wet, and the correct length marked on it 
at every ten feet. A " Metallic Tape," less liable to stretch, has 
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been recenfly manufactured, in which fine wires fona ifca warp. 
When the tape is being wound up, it should be passed between two 
fingers to prevent ita twisting in the box, which would make it 
oecesaary to unscrew its nut to take it out and untwist it. While 
in use, it should be made portable by being folded up by arm's 
lengths, instead of being wound up. 

(29) Substitutes for a chain or a tape, may be found in leather 
driving lines, marked off with a carpenter's rule, or in a cord knot- 
teid at the length of every link, A well made rope, (such as a 
"patent wove line," woven circularly with the etramda always 
straight in the line of the strain), when once well stretched, wett«d 
and aUowed to dry with a moderate strain, will not vary from a 
cluun more than one foot in two thousand, if carefully used, 

(30) Rods. When unusually accurate measurements are re- 
quired, rods are employed. They may be of well seasoned wood, 
of glass, of iron, &c. They must be placed in line very carefully 
end to end ; or made to coincide in other ways ; as will be explain- 
ed in Part V, under the title of " Triangular Surveying," in 
wluch the peculiarly accurate measurement of one line is required, 
a,9 all the others are founded upon it. 

(31) Pa<Mng, Sound, and other approximate means, may be 
used for measuring the length of a line. They will be discussed, 
in Part IX. The Stadia is described in Art. (375.) 

(32) A Peramhvlator, or " Measuring Wheel," is s(anetimeB 
used for measuring distances, particularly Roads. It consists of a 
wheel which is made to roll over the ground to be measured, and 
whose motion is communicated to a series of toothed wheels within 
the machine. These wheels are so proportioned, that the index 
wheel registers their revolutions, and records the whole distance 
passed over. If the diameter of the wheel be 31^ inches, the cir- 
cumference, and therefore each revolution, will be 8^ feet, or half 
a rod. The roughnesses of the road and the slopes necessarily 
cause the re^tered distances to exceed the true measure. 
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MEASURING ANGLES. 

(33) The angle made by any two Knes, that is, the diiference 
of their directjona, is measured by various instruments, consisting 
essentially of a circle divided into equal parts, with plain sights, or 
telescopes, to indicate the directions of the two lines. 

As the measurement of angles is not required for " Chain Sur- 
Teying," which is the first Method to be discussed, the considera- 
tion of this kind of measurement will he postponed to Part III. 

NOTING THE MEASUREMENTS. 

(34) The measurements -which have been made, whether of 
lines, or of angles, require to be very carefully noted and recorded. 
Clearness and brevity are the points desired. Different methods 
of notation are required for each of the systems of surveying which 
are to be explained, and will therefore be gjven in their appropriate 
places. 



CHAPTER in. 

DRAWING THE MAP. 

(35) A Map of a survey represents the lines which bound the 
surface surveyed, and the objects upon it, such as fences, roads, 
rivers, houses, woods, hills, &c., in their true relative diiiienaions 
and positions. It is a miniature copy of the field, farm, &e., as it 
would be seen by an eye moving over it ; or as it would appear, if 
from every point of its irregular surface, plumb Knes were dropped 
to a level surface under it, forming what is called in geometrical 
language, its horizontal projection. 

(36) Platting. A plat of a survey is a skeleton, or outline 
map. It is a figure " eunilar " to the original, having all its angles 
equal, and its sides propoi'tional. Every inch on it represents a 
foot, a yard, a rod, a mile, or some other length, on the ground; 
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all the measured distancea being diminiehed in exactly the same 
ratio. 

Plattihs is repeating <m paper, to a smaller scale, the mea- 
surements wMeh have heen made on the ground. 

Its raiious operations may tjierefore be reduced, in accordance 
with tlie principles established in the Fig. la. 

first cluster, to two, viz : drawing 
a straight line in a ^ven direction 

and of a g^yen length ; and describ- I 

ing an arc of a circle with a radios /> V 

whose length b . also > given- . The / 

onlj instnimeulB absoliitaly necessary for this, are & straight ruler, 
and a pair of .".diffiders," or " compasses." Others, however, are 
often conveniei^, and will be now brieSy noticed. 

(87) Straight Iiincs. These are usually drawn by the aid of a 

straight^dged ruler. But to obtain a very long strjught line upon 
paper, stretch a fine silk thread between any two distant points, 
and mark in its line various points, near enough together t» be 
afterwards connected by a common ruler. The thread may also 
be blackened with burnt cork, and snapped on the paper, as a 
carpenter snaps his chalk line ; but this is liable to inaccura«ies, 
from not raising the line vertically. 

(88) Arcs. The arcs of circles used in fixing the position of a 
point on paper, are usually described with compasses, one leg of 
which carries a pencil point. A convenient substituto is a strip 
of pasteboard, through one end of which a fine needle is thrust into 
the ^ven centre, and through a hole in which, at the desired dis- 
tance, a pencil point is passed, and can thus describe a circle about 
the centre, the pasteboard keeping it always at the proper distance. 
A string is a still readier, but less accurate, instrument. 

(S9) Parallels. The readiest mode of drawing parallel lines 
is by the aid of a triangular piece of wood and a ruler. Let AB 
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be &e line to wliicli a parallel is to 
be drawn, and C the point through , 
which it must pass. Place ono 
side of the triangle against the 
line, and place the ruler against 
another side of the triangle. Hold 
the ruler firm and immovable, and 
shde the triangle along it till the side of the triangle which had coin- 
cided with the ^yen line, passes through the given point. This 
side will then be parallel to that given line, and a line drawn by 
it will be the line reofuired. 

Another easy method of drawing parallels, is hj means of a T 
square, an ioatrumenfc very valuable for many other purposes. It 
is nothing but a ruler let mto a thicker piece of wood, very truly 
at right angles to it. For this use of it, one side of tl 
must be even, or " flush," with the ruler, 
paper so that ono edge of the 
ruler coincides mth the given line 
AB. Place another ruler agamst 
the croBS-piece, hold it firm, and 
glide the T square along, till its 
edge passes through the ^ven 
point C, as sliown by the lower 
part of the figure. 'Xhen draw 
by this edge the desired fine paral- 
lel to the ^ven line. 

(40) Perpendiculars. These may be draivn by the \arious 
problems ^ven in Geometry, but more readily by a tnangle which 
has one right angle, Place the longest 
side of the triangle on the ^vea line, 
and place a ruler against a second side 
of the triangle. Hold the ruler fast, . 
and turn the triangle so as to bring its 
third aide against the ruler. Then will 
the long aide be perpendicular to the 
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given line. By sliding the triangle along the ruler, it may be 
u3ed to draw a perpendicular from any point of the line, or from 
any point to the line. 

(41) Ang'les. These are most eaaiy set out with an inatni- 
ment called a Protractor, usually a eemi-circle of brass. But the 
description of its use, and of the other and more accurate modes 
of laying off angles, will be postponed till they are needed in Part 
m, Chapter IV. 

(42) Drawing lo Scal6> The operation of drawing on paper 
lines whose lengtii shall be a half, a quarter, a tenth, or any other 
fraction, of the lines measured on the ground, is called " Drawing 
to Scale." 

To set off on a line any ^ven distance to any reqmred scale, 
determine the number of chains or links which each division of 
the scale of equal parts shall represent. Divide the ^ven distance 
by this number. The quotient will be the number of equal parta 
to be taken in the dividers and to be set off. 

For example, suppose the scale of equal parts to be a common 
carpenter's rule, divided into inches and eighths. Let the given 
distance be twelve chains, which is to be drawn to a scale of 
two chains to an inch. Then six inches will be the distance to be 
set off. If the given distance had been twelve chains and seventy 
five links, the distance to be set off would have been six inches 
and three-eighths, since each eighth of an inch represents 25 hnks. 

If the desired scale were three chains to an inch, each 
eighth of an inch would represent 37^ links ; and the distance 
of 1275 links would be represented by tlurty-four ei^ths of an inch, 
or 4^ inches. 

A similar process will ^ve the correct length to be set off for 
any distance to any scale. 

If the scale used had been divided into inches and tenths, as is 
much the most convenient, the above distances would have become 
on the former scale Sj^'j inches, or nearly 6y*„ inches ; and on the 
latter scale 4^5^^ inches, coming midway between the 2d and 3d 
tenth of an inch. 
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(43) ConverBely, to find the real length of a line drawn on 
paper to any known scale, reverse the preceding operation. Tate 
the length of the line in the dividers, apply it to the scale, and 
count how many equal parts it includes. Multiply their number 
by the number of chains or links which each representa, and the 
product will be the desired length of the line on the grouud. 

This operation and the preceding one are greatly facilitated by 
the use of the scales to be described in Art.. (48) 

(44) Scales. The choice of the scale to which a plat should be 
drawn, that is, how many times smaller its lines shall be than those 
which have been measured im the ground, is determined by several 
considerationa. The chief one is, that it shall be just large enough 
to express clearly all the details which it is desirable to know. A 
Farm Survey would require its plat to sKow every field and build- 
ing. A State Survey would show only the towns, rivers, and lead- 
ing roads. The size of the paper at hand will also limit the scale 
to be adopted. If the content ia to be calculated from the plat, 
that will forbid it to be leas than 3 chains to 1 inch. 

Scales are named in various ways. They should always he 
expre»»ed fractionally ; i. e. they should be so named as k) indicate 
what frafitional part of the real line measured on the ground, the 
representative line drawn on the paper, aetually is. When custom 
requires a different way of naming the scale, both should be ^ven. 
It would be still better, if the denominator could always be some 
power of 10, or at least some multiple of 2 and 5, such as 55D, 
IFET^. 3s\ff) s-hiSi &c. For convenience in printing, these may be 
written thus : 1 : 500, 1 : 1000, 1 : 2000, 1 : 2500, &c. 

Plata of Farm Surveys are usually named as being so many 
chains to an inch. 

Maps of Surveys of States are generally named as being made 
to a scale of so many miles to an inch. 

Maps of Mail^oad Surveys are said to be so many feet to an 
inch, or so many inches to a mile. 

(45) Farm Surreys. If these are of small extent, two ehaiua 
to one inch (which is = n^^xu " T^ = ■'■ ■ 1^84) is convenient. 
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A scale of one chain to one inch (1 : 792) is useful for plans of huild 
mga. Three chains to one inch (1 : 2376) is suitable for larger 
farms. It is the scale prescribed by the English Tithe Commis- 
sioners for their first class maps. 

In France, the Cadastre Surveys are li^ographed on a scale 
about equivalent to this, being 1 : 2500. The ori^al plans are 
drawn to a scale of 1 : 5000. Plana for the division of property 
are made on the former scale. When the district exceeds 3000 
acres, the scale is 1:10,000. When it exceeds 7,500 acres, the 
scale is 1:20,000. A common scale in France for small surveys 
is 1:1000; about 1^ chains to 1 inch. 
Fig. le. 
OjaE ACHE 



r SCALE OF 1 CHAIN TO 1 ISCS. 



■ i - nciiAis'S - TO) iispn:. ' 



3 IB ■■ 

— 4 » — »■ 



The choice of the most suitable scale for the plat of a farm sur- 
vey, may he facilitated by the Kgure ^ven above, which shows 
the actual space occupied by one acre, (the customary unit of land 
measure), laid out in the form of a square, on maps drawn to the 
various scales named in the figure. 
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(IS) State Sarveys. On these surveys, smaller scales' are 
necessarily employed. 

On the admirable Urdted States Coast Survey, all the scales 
are expressed fractionally and decimally. " The surveys are 
generally platted originally on a scale of one to ten or twenty thou- 
sand, but in some instances the scale is larger or smaller. 

These original surveys are reduced for engraving and publica- 
tion, and when issued, are embraced in three general classes, 1°, 
small Harbor charts ; 2°, charts of Bays, Sounds, and 3°, of the 
Coast General Charts. 

The scales of the firet olaes vary from 1:10,000 to 1:60,000, 
according to the nature of the Harbor and the different objects to 
be represented, 

^VTiere there are many shoals, rocks, or other objects, as in 
Nantucket Harbor and Hell-Gate, or where the importance of the 
barber makes it necessary, a larger scale of 1:5,000,1:10,000, 
and 1:20,000 is used. But where, from the size of the harbor, 
or its ease of access, a smaller one will point out every danger witb 
sufficient exactness, the scales of 1 : 40,000 and 1 : 60,000 are 
used, as in the case of New-Bedford Harbor, Cat and Ship Islajid 
Harbor, New-Haven, &c. 

The scale of the second class, m consequence of the large areas 
to be represented, is usually fixed at 1:80,000, as in the case of 
New-York Bay, Delaware Bay and Kiver, Preliminary charts, 
however, are issued, of various scales from 1:80,000 to 1:200,000, 

Of the third class, the scale is fixed at 1:400,000, for the 
General Chart of the Coast from Gay Head to Cape Henlopen, 
al-ftiough considerations of the proximi^ and importance of points 
on the coast, may change the scales of charts of other portions of 
oar extended coast,"* 

The National Survey of Great Britain is called, from the corps 
employed on it, the " Ordnance Survey." 

The " Ordnance Survey" of the southern counties of England 

was platted on a scale of 2 inches to 1 mile, (1:31,680), and 

reduced for publication to that of one inch to a mile, (1:63,S60). 

The scale of 6 inches to a mile (1 : 10,560) -was adopted for tlie 

• Commuiiicated from the U. S. Coast Survey office. 
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northern countiea of England and for the aouthera eountaes of Scot- 
land. The same scale was employed for platting and engraving in 
outline the "Ordnance Survey" of Ireland. But a map on a 
Bcale of 1 inch to 1 mile (1 : 63,360.) is about to be pubhshed, the 
former scale rendering the maps too unwieldy and cumbrous for 
consultation. 

The Ordnance Survey of Scotland was at first platted on a scale 
of six inches to one mile, (1:10,560). That scale has since been 
abandoned, and it is now platted on a scale of two inches to 1 mile, 
(1:31,680), and the general maps are made to only half that scale. 

The Ordnance Survey scale for tiie maps of London and other 
large towns, is 5 feet to 1 mile, (1:1056), or 1^ chains to one inch. 

In fte " Surveys under the Public Health act" of England, 
the scale for the general plan is two feet to one mile, (1:2,640) ; 
and for the detailed plan, ten feet per mile, (1:528), or two-thirds 
of a chain per inch. 

The Government Survey of France is platted to a scale of 
1:20,000, Copies are made to 1:40,000; and the maps are 
engraved to a scale of 1 : 80,000, or about | inch to 1 mile. 

Casaini's famous map of France was on a scale of 1 : 86,400. 

The French War Department employ the scales of 1 : 10,000 ; 
1:20,000; 1:40,000; and lt80,000 ; for the topography of 
Prance. 

(47) Rail-road Surveys. For these the New-York General 
Bail-road Law of 1850 directs the scale of maps which are to be 
filed in the State Engineer's Office, to be five hundred feet to one- 
tenth of a foot, (= 1 : 5000.) 

For the New-York Canal Maps a scale of 2 chains to 1 inch 
(1 1 1584) ie employed. 

The Parliamentary " standing orders" prescribe the plans of 
Rail-roads, prepared for Parliamentary purposes, to be made on a 
scale of not less than 4 inches to the mile, (1 : 15840) : and the 
enlarged portions (as of gardens, court-yards, &c.) to be on a scale 
not smaller than 400 feet to the inch, (1 : 4800.) Accordingly 
tiie practice of English Railway Engineers is to draw the whole 
plan to a scale of 6 chains, or 396 feet to the iuch, (1 : 4752) as 
being just within the Parliamentary limits. 
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In France, the En^eers of " Bridges and Roads" (Corps dee 
Ponte et Chanasees) employ for tlie general plan of a road a scale 
of 1 : 5000, and for appropriations 1 : 500. 

(48) In the United States Engineer service, the following scales 



General plana of buildings, 1 inch lo 10 feet, (lilSO). 

Maps of gronnd, with hoiizoatal curvea one foot oparl, 1 inch lo 50 feel, (1 :600J 

Topogi'apbicHl maps, one raiie Bud a [lalf eqtiare, 3 feet to one mile, (1 : 3,640). 

Do. comprising three miles square, 1 foot to one mile, (115,380). 

Do. between four and eight miles square, 6 inches to one mile, (1: 10^60). 

Do. comprising nine miles square, i inchea to one mile, (1 : 15,840). 

Maps not exceeding 24 miles square, 3 inches to one mile, (1 : 31,680). 

Maps comprising 50 miles squace, 1 inch to one mile, (I: 63,360). 

Maps comprising 100 miles square, i inch to one mile, (1:126,730,) 

Surveys of Beads, Canals, &e., I inch to 50 feet, (1: 600). 

(49) The most convenient scales of equal paris are those of box- 
wood, or ivory, which hare a fiducial or feather edge, along which 
they are divided, so that distances can be at once marked off from 
this edge, without requiring to be taken off with the dividers ; or 
the length of a given line can be at once read off. Box-wood is 
preferable to ivory as much less liable to warp, or to vary in length 
with changes in the moisture in the air. 

The student can, however, make for himself platting scales of 
drawing paper, or Bristol board. Cat a straight strip of tins mate- 
rial, about an inch wide. Draw a line through its nuddle, and set 



_L_ 



off on it a number of equal parts, each representing a chain to the 
desired scale. Sub-divide the left hand division into ten equal 
parte, each of which will therefore represent ten links to this scale. 
Through each point of division on the central line, draw (with 
the T square) perpendiculars extending to the edges, and the 
scale is made. It explains itself. The above figure is a scale of 
2 chains to 1 inch. On it the distance 220 links would extend 
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beiween the arrow-heads above the line in the figure ; 560 links 
extends between the lower arrow-heads, kc. 

A paper scale has the great advantage of varying less from 
a plat which has been made by it, in consequence of changes 
in the weather, than any other. The mean of many trials 
showed the difference between such a scale and drawing paper, 
when exposed alternately to the damp open atmosphere, and to the 
air of a warm dry room, to be equal to .005, while that between 
box-wood scales and the paper was .012, or nearly 2^ times as 
much. The difference with ivory would have been even greater. 

Some of the more usual platting scales are here given in 
their actual dimensions, 

In these five figures, different methods of drawing tie scales 
have been given, bat each method may be apphed to any scale. 
The first and second, being the most simple, are generally the best. 
In the third the subdivisions are made by a diagonal line : the 
distances between the various pairs of arrow heads, beginning with 
the uppermost, are, respectively, 310, 540, and 270 links. 

Fig. 18. Scak of 1 chain to 1 incft. 



l ii ^ffi i nT ' I- 



Fig. J9. Scale of 2 ckaii 



^ 



Fig. aO. Scalt of 3 chain, 



I 



E 



In the fourth figure the distances between the arrow b 
respectively 310, 270, and 540 links. 

Fig. 21. Scale of 4 ck-im to I r«<A. 



'«X 
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Iq the fifth figure the scale of 5 chains to 1 inch is subdiyided 
diagonally to only every quarter chain, or 25 links. The diatance 
between the upper pair of arrow-heads on it is 12^^ chains, or 12.25 ; 
between the next pair <rf arrow-heads, it is 6.50 ; and between the 
lower pair, 14.75. 

Fig. aa. S'Saie qf 5 ekaiaa /o I IkU. 



ZIZ 



2^^ 



A diagonal scale for dividing an inch, or a half inch, into 100 
equal parts, is found on the " Plain scale" in every case of inatnt- 



(5(.) Ternier Scale. This is an ingemous substitute for the 
diagonal scale. The one given in the following figure divides an 
inch into 100 equal parts, and if each inch be supposed to represent 
a chtun, it gives single hnks. 



TTTTiTTTT 
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2^0 



Make a scale of an inch divided into tenths, as in the upper 
scale of the above figure. Take in the dividers eleven of tliese 
divisions, and set off this distance from the of the scale to the 
left of it. Divide the distance thus set off into 10 equal parta, 
Eaoh of them will be one tenth of eleven tenths of one inch ; i. e. 
eleven hundredths, or a tenth and a hundredth, and the first di- 
vision ou the short, or vernier scale, will overlap, or be longer than 
the first division on the long scale, by just one hundredth of an 
inch ; the second division will overlap two hundredths, and so on. 
The principle will be more fully developed in treating of " Vemiera," 
Part IV, Chapter II. 

Now suppose we wish to take ofi'from this scale 275 hundredths 
of an inch. To get the last figure, we must take five divisions on 
the lower scale, which will be 55 hundredths, for the reason just 
^ven. 220 will remain which are to be taken from the upper 
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scale, and the entire Dumber will be obtained at once by extending 
the dividers between the arrow-ieads in the figure from 220 on the 
upper scale (measuring along its lower side) to 55 on the lower scale, 
264 would extend from 210 on the upper scale to 44 on the lower. 
318 would extend from 230 on the upper scale to 88 on the lower- 
Always he^n then with subtracting 11 times the last figure from 
the given number ; find the remainders on the upper scale, and 
tlie number subtracted on the lower scale. 



(51) A plat is sometimes made by a nominally reduced scale 
in the following manner. Suppose that the acale of the plat is to 
be ten chains to one inch, and that a diagonal scEile of inches, divided 
into tenths and hundredths, is the only one at hand. By dividing 
all the distances hy ten, this scale can then be used without any 
further reduction. But if the content is measured from the plat 
to the same scale, in the manner explained in the next chapter, the 
result must be multiplied by 10 times 10. This is called by old 
Surveyors " Raising the scale," or " Restoring true n 



(52) Sectoral Scales, The Sector, (called by the French 
" Compass of Proportion"), is an instrument sometimes convenient 
for obtaimng a scale of equal parts. It is in two portions, turning 
on a hinge, like a carpenter's pocket rule. It contains a great 
number of scales, but the one intended for this use is lettered at its 
ends L in English instruments, and consists of two lines running 
from the centre to the ends of the scale, and each divided mto ten 
equal parts, each of which is again subdivided into 10, so that each 
leg of the scale contains 100 *''S- ^^■ 

equal parts. To illustrate 
its use, suppose that a scale 
of 7 chains to 1 inch is re- 
quired. Take 1 inch in the 
dividers, and open the sec- 
tor till this dbtance will just 
reach from the 7 on one leg 
to the 7 on the other. The 
sector is then " set " for tlua 
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scale, and the angle of its opening must not be agajn changed. 
Now let a distance of 580 links he required. Open the dividers 
till they reach from 58 to 58 on the two legs, as in the dotted line 
in the figure, and it is the required distance. Again, suppose that 
a scale of 2j chains to one mch is desired. Open the sector so 
that 1 inch shall extend from 25 to 25. Any other scale may be 
obtained in the same manner. 

Conversely, the length of any known line to any desired scale 
can thus be readily determined, 

(53) Whatever scale may be adopted for platting Ihe survey, it 
should be drawn on the map, both for convenience of reference, 
and in order that the contraction and expansion, caused by changes 
in the quantity of moisture in the atmosphere, may affect the scale 
and the map alike. When the drawing paper has been wet and 
glued to a board, and cut off when the map is completed, its con- 
tractions have been found by many observations to average from 
one-fourth to one-half per cent, on a scale of 3 chains to an inch, 
(1:2376), which would therefore require aa allowance of from 
one-half perch to one perch per acre. 

A scale made as directed in Art. (49), if used to make a plat 
on unstretched paper, and then kept ^Vith the plat, will answer 
nearly the same purpose. 

Such a scale may be attached to a map, by slipping it through 
two or three cuts in the lower part of the sheet, and will be a very 
convenient substitute for a pfur of dividers in measuring any dis- 
tance upon it. 

(-54) Scale omitted. It may be required to find the imknown 
scale to which a given map has been dra^yn, its superficial content 
being known. Assume any convenient scale, measure the lines 
of the map by it, and find the content by the methods to be ^ven 
in the next chapter, proceeding aa if the assumed scale were the 
true one. Then make this proportion, founded on the geometrical 
principle that the areas of similar figures are as the squares of their 
correspondmg sides : A8 the content found is to the given content 
So is the square of the assumed scale To the square of the true scale. 
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CHAPTER IV. 

CALCHLITIIVC THE CONTENT. 
(55) The CoKTENT of a piece of ground is its auperflcial area, 
OP ibe number of square feet, yards, acres, or mUes which it 
contains. 



(S6) Horizontal IHeasnrenieilt. All ground, however inclined 
or uneven its surface may be, should he measured horizontallj, or 
as if brought down to a horizontal plane, so that the surface of a 
hill, thus measured, would give the same content as the level base 
on which it may he supposed to stand, or as the figure which would 
be formed on a level surface beneath it by dropping plumb lines 
from every point of it. 

Thk method of procedure is required for both Geometrical and 
Social reasons. 

Q-eometrioally, it is plain flat this horizontal measurement is 
absolutely necessary for the purpose of obtaining a correct plat. 
In Kg. 25, let ABCD, and BCEF, ^ Fig-^as. 

be two square lots of ground, platted 
horizontally. Suppose the ground to 
slope in all directions from tie point 
C, which is the summit of a hill. 
Then the Imes BO, DC, measured on 
the slope, are longer than if measur- 
ed on a level, and the field ABCD, 
of Fig. 25, platted with these long 
liues, would take the shape ABGD 
in Fig, 20 ; and the field BCEF, 
of Fig. 25, would become BHEF of 
Fig. 26. The two adjoining fields would thus overlap each other ; 
and the same difficulty would occur in every case of platting any 
two adjoining fields by the measurements made on the slope. 
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Let us suppose another case, 
more simple than would ever oc- 
cur in practice, that of a three- 
dded field, of equal sides and 
composed of three portions each 
sloping down uniformlj, (at the 
rate of one to one) from one point in the centre, as in Kg- 27. 
Ea«h slope being accurately platted, the three could not come 
together, hut would bo separated as iu Fig. 28. 

We have here taken the most simple cases, those of uniform 
slopes. But with the common irregularities of uneven ground, to 
measure its actual surface would not only be improper, but impos- 
sible. 

In the Social aspect of tMs'^^iuestion, the horizontal measurement 
is justified by the fact that :no more houses can be built on a hill 
than could be built on its flat base ; and that no more trees, com, 
or other plants, which shoot up vertically, can grow on it ; as is 
represented by the vertical hnes in the *'?■ "&- 

Figure.* Even if a side hill should pro- >'fTTTT~i~i\l 



duce more of certain creeping plants, the i,.ffi | 



increased difficulty in their cultivation might perhaps balance this. 
For this reason the surface of the soil thus measured is sometimes 
called the productive base of the ground. 

Again, a piece of land containing a hill and a hollow, if measured 
on the surface would ^ve a larger content than it would after the 
hollow had been filled up by the hill, while it would yet really be 
of greater value than before. 

Horizontal measurement is called the " Method of Cultellation," 
and Superficial measurement, the " Method of Developement."f 

An act of the Stat« of New-York prescribes that " The acre, for 
land measure, shall be measured horizontally." 

" This question is more than two Ihousaud years old, for Poljbius writes, 
"Some even of those who me emptoyt'd in the adininistratjoii of etetes, or placed 
at the head of aiinies, imasine Ihnt uiiequnl and billy ground will coiilRiii more 
houBes than a earfuce whicb is flat and level. Tbia, bowever, is not tbe truth. 
For the houses beina I'aised in n verlic 
clivity of the groand, but with ibe flat 
the hills themselves also stand." 

t The former from Cvllelliim, a knife, as if ihe hills were sliced off; the latter 
BO named hecauae it strips off or uufnids, as it mere, the surface. 
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(57) Bnit »f Content. The Airre is the unit of land-measure- 
ment. It contains 4 Roods. A Mood contains 40 Perches. A 
Perch is a square Rod ; otherwise called a Perch, or Pole. A 
Bod is 6^ yards, or 16^ feet. 

Hence, 1 acre = 4 Roods = 160 Perches = 4,840 square 
yards =: 43,560 square feet. 

One square mile = 5280 X 5280 feet = 640 acres. 

Since a chain is 66 feet long, a square chain contains 4356 
square feet ; and consequently ten square chains make one acre* 

In different parts of England, the acre varies greatly. The 
statute acre, as in the United States, contains 160 square perches 
of 16^ feet, or 43,560 square feet. The acre of Devonshire and 
Somersetshire, contains 160 perches of 15 feet, or 36,000 square 
feet. The acre of Cornwall is 160 perches of 18 feet, or 51,840 
square feet. The acre of Lancashire is 160 perches of 21 feet, or 
70,560 square feet. The a^re of Cheshire and Staffordshire, is 
160 perches of 24 feet, or 92,160 square feet. The acre of Wilt- 
shke is 120 perches of 16^ feet, or 32,670 square feet. The acre 
in Scotland consists of 10 square chains, each of 74 feet, and there- 
fore contains 54,760 square feet. The acre in Ireland is the 
same as the Lancashire. The chain is 84 feet long. 

The French units of land-measure are the Are = 100 square 
Metres, = 0.024c1 acre, ^ one fortieth of an acre, nearly; and the 
Seotare ^ 100 Area ■= 2.47 acres, or nearly two and a h^. 
Their old land-measures were the " Arpent of Paris," containing 
36,800 square feet ; and the " Arpent of Waters and Woods," 
containing 55,000 square feet. 

(58) When the content of a piece of land (obtained by any of 
the methods to be explained presently) is ^ven in square Hnks, as 
is customary, cut off four figures on the right, (i, e. divide by 
10,000), to get it into square chains and decimal parts of a chmn ; 
cut off the right hand figure of the square chains, and the remain- 
ing figures will be Acres. Multiply the remainder by 4, and liie 
figure, if any, outside of the new decimal point will be Roods. 
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Multiply the remainder by 40, and the outside figures will be 
Perches. The nearest round number is usually taken for the 
Perches ; fractions less tlian a half perch being disregarded,* 
Thus, 86.22 square chains^ 8 Acres 2 Roods 20 Perches. 



Also, 64.1818 


do 


= 6 A. 


IR. 


27 P. 


" 43.7564 


do 


= 4 A. 


IE. 


SOP. 


" 71.1055 


do 


= 7 A. 


OR. 


18 P. 


" 82.50 


do 


= 8 A. 


IR. 


OP. 


" 8.260 


do 


= A. 


3R. 


12 P. 


" 0.8250 


do 


= A. 


OR. 


13 P. 



(59) The following Table gives by mere inspection the Roods 
and Perches corresponding to the Decimal parts of an Acre. It 
explains itself. 



_ 


Boons. 


Pti,,hc.^ 




_ 


KOODS. 


Pfrches, 


1 1 


2 1 3 





1 1 2 


3 


.000 


.260 


loo 


.760 


+ 


.131 


.381 


,631 


,881 


+21 




.006 


.266 


,606 


.766 


+ 1 






.137 


.387 


,637 


,887 


+22 




.012 


.262 


.612 


,762 


+ 2 






.144 


.394 


,644 


,894 


+23 




.019 


.269 


.619 


.769 


+ 3 






.160 


.400 


.660 


.900 


+24 




.026 


.276 


.,626 


.775 


+ 4 






.156 


.406 


.666 


.906 


+26 




.031 


.281 


.631 


.781 


+ 5 






.162 


.412 


.662 


.912 


+26 


i 


.037 


.287 


.637 


.787 


+ 6 




i 


,169 


,419 


.669 


.919 


+27 


" 


.044 


.294 


.644 


.794 


+ 7 




£ 


,176 


.426 


.676 


.926 


+28 


i 


.060 


.300 


.660 


800 


+ 8 




5 


.181 


.431 


.681 


.931 


+29 


1 


.066 


.306 


.566 


.806 


+ s 




^ 


.187 


,437 


.687 


.937 


+ 30 


,062 


.312 


.662 


.812 


+10 




1 


.194 


,444 


.694 


.944 


+ 31 


^ 


069 


.319 


.669 


.819 


+11 




3 


.200 


,450 


.700 


.960 


+32 


Q 


.076 


.326 


.676 


.825 


+12 




p 


.206 


,456 


.706 


.956 


+ 33 


a 


.081 


.331 


.681 


,831 


+13 




1 


.212 


,462 


.712 


.962 


+34 


a 


.087 


.337 


,687 


,837 


+14 






.219 


,469 


.719 


.969 


+ 36 




.094 


.344 


,694 


.844 


+16 






.226 


,476 


.726 


.976 


+ 36 




.100 


.350 


,600 


.850 


+ 16 






.231 


,481 


.781 


.981 


+ 37 




.106 


.366 


,606 


.856 


+ 17 






.237 


,487 


.737 


.987 


+3B 




.112 


.362 


,612 


.862 


+ 18 






.244 


,494 


.744 


.994 


+ 39 




.119 


.369 


,619 


.869 


+ 19 






250 


600 


,760 


1.000 


+40 




.126 


.375 


,626 


_875_ 


+20 

















(60) Cbain Correction. When a survey has been made, and 
the plat has been drawn, aad the content calculated ; and after- 

* To reduce square yards to acres, instead of dividing by 4840, it is easier, and 
very nearlv correct, tu luultiply by S, cut off four figures, and add ro this pi-oduct 
one-third of one-leiith of itaeff. 
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wards the chain ia foirncl to have been ineorrect, too short or too 
long, the true content of the land, may be foiind by this proportion : 
As the square of the length of the standard given by the incorrect 
chain Is to the square of the true length of the standard So is the cal- 
culated content To the true content. Thus, suppose that the chain 
used had been so stretched that the standard distance measured by 
it appease to be only 99 links long ; and that a square field had 
been measured by it, each side containing 10 of these long chains, 
and that it had been so platted. This plat, and therefore the con- 
tent calculated from it, will be smaller than it should be, and the 
correct content will be found by the proportion 99^ : 100^ : : 100 
sq. chains ; 102.03 square chains. If the chain had been 
stretched so as to be 101 true links long, as found by comparing 
it with a correct chain, the content would be ^ven by this propor- 
tion: 100* : 101* : : 100 square chains : 102.01 square chains. 
In the former case, the elongation of the chain was 1-^, true links ; 
and 100^ : (lOl^V)^ :: 100 square chains : 102.03 square 
chains. 

(61) Bflnndary Lines. The lines which are to be considered 
as bounding the land to be surveyed, are often very uncertain, 
■onless specified by the title deeds. 

If the boundary be a brook, the middle of it is usually the boun- 
dary line. On tide-waters, the land is usually considered to extend 
to low water mark. 

Where hedges and ditches are the boundaries of fields, as is 
ahntet universally the case in England, the dividing Ime is gene- 
rally the top edge of the ditch farthest from the hedge, both hedge 
and diteh belonging to the field on the hedge side. This varies, 
however, with the customs of the locality. From three to six feet 
from the roots of the quickwood of the hedges are allowed for the 
ditehes. 
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METHODS OF CALCULATION. 
(62) The various methods employed in calculating tiie content 
of a piece of ground, may he reduced to four, which may be called 
Arithmetical, Geometrical, Instrumental, and Trigonometrical. 

(«3) FIRST METHOD.— iRITHMETICALLY. From direct 
measurementa of the necexirary lines on the ground. 

The figures to be calculated by this method may be either the 
shapes of the fields wluch are meaaured, or those into which the 
fields can be divided by measuring various lines aoross them. 

The familiar rules of mensuration for the principal figures which 
occur in practice, will be now briefly enun(aated. 

(64) Rectan^rles. If the piece of ground be rectangular in 
shape, its content is found by multiplying its length by its breadth, 

(65) Triangles. When the given quantities are one side of a 
triangle and the perpendicular distance to it from the opposite 
angle ; the content of the triangle is equal to half the product of 
the side and the perpendicular. 

When the given quantities are the three sides of the triangle ; 
add together the three sides and divide the sum by 2 ; from tlus 
half sum subtract each of the three sides in turn ; multiply together 
the half sum and the three remainders ; taie the square root of the 
product ; it is the content required. If the sides of the triangle 
be designated by a, b, c, and their sum by s, tiiis rule will ^ve its 
area= Vl¥ G* — «) G* — &) (^ — 0]-' 



" When two siilea of a triangV, and the includeL? 
angle are given, its content equals half the product 
of its sides into the sine of the included angle. Dr- 
■ignatiag the aralea of the triangle by the capilel 
letters A,B,0, and the sides oppoaile ihcm by ihe cor- 
responding fimall letters a,b^, ihe area ^ i be tin. A. .^ 

When one side of tt triangle and llie adjacent an- ■* 
gles are given, its content equals the eqiini'e of the gi" 
sines of each of the given angles, and divided by Iwi 
theae angle*. Using the same eymbols as before. 

When the three angles of a triangle and ice altitude are given, 
to the above figure, = i DD2 . g^TATimTc" 




Hosted by 



Google 



44 PrNDAMENTAL OPERATIONS. [past i. 

(66) Parallelograms ; or four-sided figures whose opposite 
sides are parallel. The coutent of a Parallelogram equals the 
product of one of its sides bj the perpendicidar distance between it 
and the side parallel to it. 

(67) Trapezoids ; or four-sided figures, two opposite sides of 
which are parallel. The content of a Trapezoid equals half the 
product of the sum of the parallel sides by the perpendicular dis- 
tance between them. 

If the given quantities are the four sides a, h, c, d, of which 6 
and d are parallel; then, making 9 = i (* + i -h c — tJ), the area 

of the trapezoid will ^ —i-; v^ [ J (? — «) (3 — (? — J-t-d).]* 

(68) Quadrilaterals, or Trapeziums ; four-sided figures, none 
of whose sides are parallel, 

A very gross error, often committed as to this figure, is to take 
the average, or half sum of its opposite ades, and multiply them 
together for the area : thus, assuming the trapezium to be equivar 
lent to a rectangle with these averages for sides. 

In practical surveying, it is usual to measure a line across it 
from comer to comer, thus dividing it into two triangles, whose 
sides are known, and which can therefore be calculated by Art.(65).t 

* When [wo pai'aliel stiles, b and d, and a ihird siclp, a, are given, and also the 
angle, C, wbicli ibis ihiid side makes witb one of tile parallei sides, then the 
content of Ihe trapezoid =11.: . a . sin. C. 

t When two appoaile ddei, aad nil ihe any/ei are given, take ooe aide and its ad- 
jacent angles, (or their siippleinents, when their sum exceeds 180"), consider 
them as Belonging to a triBiigle, and liQd its area by Wie second focmnla in the 
note 'ta page 43. Do the same with Ihe other side and its adjacent angles. The 
diflerence of tlie two areas will be the area of the quadrilateral. 

When three tidea andOi^ivioiacbidedanglet are given.multiply together the sine 
of one given angle and its ad j scent sides. Do tlie same with the sine of ifae other 
given angle and its adjacent sides. Multiply together the two opposite sides and 
the sine of the supplement of the sara of the given angles. Add together the first 
two products, and add also the last product, if the sum of the given angles is 
more than 180°, or subtract it if this sunt be less, and take half the result. Call- 
ing the given aides, p, q, t ; and the angle between p and g ^ A ; and the angle 
between q and r = B ; the area of the quadriialeral 

= Hp . 9. sin. A + q.r. sin. B ± p . r . sin. (IW - A - B)]. 

When (he four sides and the sum of any tivo opposite angles are given, proceed 
thus : Take half the sum of the four given sides, and from it subliaet each side 
in turn Multiply together the four remainders, and reserve the jjroduct. Mul- 
tiply together ihe four sides. Take half their product, and niuUiply it by the 
CKsiue of Ino given sum of the angles increased by unity. Regard the sign of 
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(69) Sutfaces bounded by irreffularly curved lines. The rules 
for these will be more appropriately ^ven in connection with the 
surveys which meaaure the necessary lines ; as explained in Part 
XI, Chap. m. 

(7«) 8C€0ND METHOD.— GEOMETRICALLY. From mea- 
surements of the necessary lines upon iJie plat. 

(71) DirislOB into Triaag-les. The plat of a piece of ground 
having been drawn from the nieasuremeuts made by any of the 
methods which will be hereafter explained, lines may be drawn 
upon the plat so as to divide it into a number of triangles. Four 




ways of doing this are shown in the figures : viz. by drawmg hnes 
from one comer to the other comers ; from a point in one of the 
sides to the corners ; from a point inside of the figure to the cor- 
ners ; and from various comers to other corners. The last method 
is usually the best. The lines ought to be drawn so .as to make 
the triangles as nearly equilateral as possible, for the reasons given 
in Part V. 

One side of ea«h of these triangles, and the length of the per- 
pendicular let fall upon it, being then measured, as directed in 
Art. (43,) the content of these triangles can be at once obtained 
by multiplying their base by their altitude, and dividmg by two. 

The easiest method of getting the length of the perpendicular, 
without actually drawing it, is, to set one point of the dividers 
at the angle from which a perpendicidar is to be let fall, and to 

the cosine. Multiply tliia product bj the reseived product, and talio the aquavo 
root uf the resulting product. It will be (he area ot the quadrilateral. 

When the four tidet, asd Ike angle of iraerKCtion of the dtagonali ef the qvadrSa- 
Itral are given; square each side; add together the squares ol" the opposite 
sides; lake the difference of the two saais; multiply it by the langeiit of the 
angle of intereection, and divide by four. The quotient will be (he Brea. 

When the diagimali of the q«adrilaieral, and their included angle are gineji, mul- 
tiply together tne two diagonals and the sine of their included angle, and 
divide by two. The quotient will be the area. 
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open ami shut their lej^a till an arc descrihed by the other point 
will just touch the opposite aide. 

Otherwise ; a platting scale, (described in Art. (49) may be 
placed so that the zero point of its edge coincides with the angle, 
and one of its cross lines coincides with the side to which a perpen- 
dicular is to be drawn. The length of the perpendicular can then 
at once be read off. 

The method of dividing the plat into triangles is the one moat 
commonly employed by surveyors for obtaining the content of a 
survey, because of the simpUcity of the calculations required. Its 
correctneas, however, is dependant on the accuracy of the plat, 
and on its scale, which should be as large as possible. Three 
chains to an inch is the smallest scale allowed by the English 
Tithe Coromissioners for phtta from which the content is to he 
defennined. 

In calculating in thia way the content of a farm, and also of its 
separate fields, the sum of the latter ought to equal the former. 
A difference of one three-hundredth G^^) is considered allowable. 

Some surveyors measure the perpendiculars of the triangles by 
a scale half of that to which the plat is made. Thus, if the scale 
of the plat be 2 chfdna to the inch, the perpendiculars are mear- 
sured with a scale of one chain to the inch. The product of the 
base by the perpendicular thus measured, gives the area of the 
triangle at once, without its requiring to be divided by two. 

Another way of attaining the aame end, with less danger of mis- 
takes, is, to construct a new scale of equal parts, longer than those 
by which the plat was made in the ratio ^2:1; or 1.414:1. 
When the base and perpendicular of a triangle are measured by 
this new scale and then multiplied together, the product will be 
the content of the triangle, without any division by two. In this 
method there is the additional advantage of the greater size and 
consequent greater distinctness of the scale. 

When the measurement of a plat is made some tune after it has 
been drawn, the paper will very probably have contracted or 
expanded so that the scale used will not exactly apply. In that 
case a coirection ia necessary. Measure very precisely the present 
length of some line on the plat, of known length originally. Then 
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make this proportion : As the square of the present length of this 
lino Is to the square of its original length, So is the content obtain- 
ed by the present measurement To the true content. 

(72) Gfraphical Multiplication. Prepare a strip of drawing 
paper, of a width exactly equal to two chains on the scale of the 
plat ; i. e. one inch wide, aa in the figure, for a scale of two chains 
to 1 inch ; two-thirda of an inch wide for a scale of 3 chains ; half 
an inch for 4 chains ; and so on. Draw perpendicular lines across 
the paper at distances representing one-tenth of a chain on the scale 
of the triangle to be measured, thus making a platting scale. Apply 
it to the triangle so that one edge of the scale shall pass through 
one comer, A, of the triangle, and the other edge through anotJier 

Fig. 35. 




comer, B ; and note very precisely what divisiona of the sc^e are 
at these points. Then slide the scale in such a way that the 
points of the scale which had coincided with A and B, shall always 
remain on the line BA produced, till the edge arrives at the point 
C. Then will A'C, that is, the distance, or number of divisions on 
the scale, from the point to which the division A on the scale has 
arrived, t« the tlurd comer of the triangle, express tlie area of the 
triangle ABC in square chains." 



'Fur, fi'om draw a. parallel to AB, meeting the edge of the scale in C 
draw C'B. Then tlie^given triangle ABC = ABC. Jlut the area of th! 
tiiangle ^= AC' miiltipiieiJ by half the width of the scale, i. e. -= AC X 1 = 
But, becBuae of jhe parallels, A'C = AC. Therefore the area of tlie given 
gle ABC ^ A'C ; i. e. it is equal in square chains to the number of linear c 
read off from the scalp. This ingenious operation is due to M. Couaijiery. 
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(73) DiTision inlo Trapezoids. A line may be drawn afiross 
the field, as in Fig, 36, and perpen- Fig. 36. 
dicuiars drawn to it. The field will 
tlius be divided into trapezoids, (ex- 
cepting a triangle at each end), 
and their content can be calculated 
by Art. (67). 

Otherwise ; a hne may be drawn 
outside of the figure, and per- 
pendiculars to it be drawn from 
each angle. In that caae the 
difference between the trapezoids 
formed by lines drawn to the 
outer angles of the figure, and 
those drawfl to the inner angles, 
will be the content. 

This method is very advantageously applied to surveys by the 
compass ; as will be explained in Part III, Chap. VI. 

(74) Division iBto Squares. Two sets of parallel Imes, at 
right angles to each other, ^- ^^_ 
one chain apart (to the scale 
of the plat) may be drawn 
over the plat, so as to divide 
it into squares, as in the 
figure. The number of 
squares which fall within the 
plat represent so many square 
chains; and the triangles and 
trapezoids which fall outside 
of these, may then be calcu- 
lated and added to the entire square chains which have been 
counted. 

Instead of drawing the parallel lines on the plat, tliey may bet- 
ter be drawn on a piece of transparent " tracing paper," which is 
amply laid upon the plat, and the squares counted as before. The 
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same paper will answer for anj number of plats dram to the same 
scale. Tliia method is a vfJuable tmd easy check on the results of 
other calculationa. 

To calculate the fractional parte, prepare a piece of tracing 
paper, or horn, by drawing on it one square of the same siae as ft 
square of the plat, and subdividing it, by two sets of ten parallelfl at 
right angles to each other, into hundredths. This will measure the 
frafltjons remaining from the former measurement, as nearly as can 
be desired. 

(75) Division fnio Parallelograms. Draw a series of paral- 
lel lines across the plat at equal distances depending on the scfile. 
Thus, for a plat made to a scale of 2 chtuna to 1 inch, the distance 
between the parallels should be 2 J inches ; for a scale of 3 chains 
to 1 inch, 1^ inch ; for a scale of 4 chains to 1 inch, g inch ; for 
a scale of 5 chains to 1 inch, ys ^^^ > ^^'^ ^^^ ^J scale, make the 
distance between tlie parallels that fraction of an inch which would 
be expressed by 10 divided by the square of the number of chains 
to the inch. Then apply a common inch scale, divided on the 
edge into tenths, to these parallels ; and every inch in length of 
the spaces included between each pair of tJiem will be an acre, £Utd 
every tenth of an inch will be a square chain." 

To measure the triangles at the ends of the strips between the 
panjlels, prepare a piece of transparent horn, or stout tracing 
paper, of a width equal to the width between the parallels, and 
draw a line through its middle longitudinally. Apply it to the 
oblique line at the end of the space between 
two parallels, and it will bisect the Ime, and 
thus reduce the triangle to an equivalent 
rectangle, as at A in the figure. When an 
angle occurs between two parallels, aa at B 
in the figmre, the fractional part may be 
measured by any of the preceding methods. 

* For, caUing the number uf ctiaios to the inch, = n, luid maliiDg the widtli he 
iween the paraUeU —r '""'ii 'his width will repreaeiit — x n = — chains ; and 
aatha inch length representsnehMiiB, their product,. — X n = 10 square chains 
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A somewhat similar method is much used by some surveyore, 
particularly in Ireland : the plat being made on a scale of 5 chains 
to 1 inch, parallel lines being drawn on it, half an inch apart, and 
tlie distances along the parallels being measured by a scale, each 
large division of which is y% inch in length. Each division of this 
scale indicates an acre ; for it represents 4 chains, and the distance 
between the parallels is 2^ chains. This scale is called the " Scale 
of Acres." 



Fig. 40. 




(76) Addition of Widths. When the lines of the plat are very 
irregularly curved, as in the 
figare, draw across it a num- 
ber of eqoi-distant lines as near 
together as the case may seem 
to reqiure. Take a strai^fc- 

edged piece of paper, and apply one edge of it to the middle o 
the first spaee, and mark its length from one end ; apply the same 
edge to the middle of the next space, bringing the mark just made 
to one end, and making another mark at the end of the additional 
length; so go on, adding the length of each space to the previous 
ones. When all have been thus measured, the total length, mul- 
tiplied By the uniform width, will give the content. 

(77) THIRD METHOD.— HVSTRVMEIHTALLV. By perform- 
ing certain instrumental operations on the plat. 

(78) Beduetion of a many aided figure to a single eqmvcdent 
triangle. Any plane figure bounded by straight lines may be 
reduced to a single triangle, which shall have the same content. 
Tins can be done by any instrument for drawing parallel lines, 



such as those described in Art. 
(39). Let tbe trapezium, or 
four aded figure, shown in Pig. 
41, be required to be reduced 
to a single eqmvalent triangle. 
Produce one side of tbe figure, 

03 4 1. Draw a line from 

the first to tbe third an^e of 



Fig. 41. 
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the figure. From the second angle draw a parallel to tLe line just 
drawn, cutting the produced side in a point 1'. From the point 1' 
draw a line to the third angle. A triangle (1' — 3 — 4 in the 
figure) will thus be formed, which will be equivalent to ths original 
trapezium.' 

The content of this final triangle can then be found by measur- 
ing its perpendicular, and taking half the product of this perpendt 
color by the base, as in the first paragraph of Art. (65). 

(79) Let the given figure have five sides, as h 
brevity, the angles 
of the figure will be 
nam4d as numbered 
iu the engraving. 
Produce 5 — 1. 
Join 1 — 3. From 
2 draw a parallel to 
1 — 3, cutting the 
produced base in 1'. Join 1' — 4. From 3 draw a parallel to it, 
cutting the base in 2'. Jom 2' — 4. Then will the triangle 
2' — 4 — 5 be equivalent to the five sided figure 1 — 2 — 3 — 4 — 5, 
for similar reasons to those of the preceding case, 

(80) Let the ^ven figure be 1_2— 3— 4— 5 — 6— 7— 8, 
aa shown in Kg. 43, g?ven at the top of the following page. AH 
the operations are shown by dotted lines, and the finally resulting 
trian^e 6' — 7 — 8, is equivalent to the ori^nal figure of eight 
Sides. 

It is best, in chooang the side to be produced, to take one which 
has a long ade adjoimng it on the end not produced ; so that this 
long side may form one side of the final triangle, the base of which 
will therefore be shorter, and will not be cut so acutely by the 
final line drawn, as to make the point of intersection too indefinite. 



" For, the triangle I — 2 — 3 ta 
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(81) General Rule. When the given figure has many sides, 
with angles aometimea salient and sometimes re-entering, the operas 
tions of reduction are very liable to errors, if the draftsman attempts 
to reason out eMh step. All difficultjea, however, will be removed 
by the followiag General Mule : 

1. Produce one side of the figure, and call it a base. Call one 
of the angles at the base the first angle, and number the rest in 
regular succession around the figure. 

2. Draw a line &om the 1st angle to the 3d angle. Draw a 
pariJlel to it from the 2d angle. Call the intersections of this 
parallel with the base the Ist mark. 

3. Draw a line from the Ist mark to the 4th angle. Draw a 
parallel to it from the SA angle. Its intersection with the base is 
the 2d mark. 

4. Draw a line from the 2d mark to the 5th angle. Draw a 
parallel to it from the 4th angle. Its intersection with the base is 
the 3d mark. 

5. In general terms, which apply to eveiy step after the first, 
draw a line from the last mark obfauned to the angle whose number 
is greater by three than the number of the mark. Draw a parallel 
to it through the angle whose number ia greater by two than that 
of the mark. Its intersection with the baae mil be a mark whose 
number is greater by one than that of the preceding mark.* 



* In llie concise language of Algebra. 
B+S angle. Draw a parallel to it thioa 
with the base will be the n-f-l mBtk. 
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6. Repeat this process for each angle, till you get a mark whose 
number is such that the angle having a tnunber greater by three ia 
the last angle of the figure, i. e. the angle at the other end of the 
base. Then join the last mark to the angle which precedes the 
last angle in the figure, and the triangle thus formed irill be the 
equivalent triangle required. 

In practice it ia umiecessar^ to actually draw the limea joining 
the Buccessive angles and marks, but the parallel ruler ia merely 
laid oa BO as to pass through them, and the points where the 
parallels cut flie base are alone marked. 



(82) It is generally more convenient, for the reasons gjven at 
ttie end of Art. (80), to reduce _ Fig- "■ 

half of the figure on one rade and 
half on the other, as is shown in 
Fig. 44, which represents the same 
field as Fig. 42. The equivalent 
triangle is here 1' — S — 2', 

When the figure has many angles, 
ii,ey should not be numbered c( 
secutively all the way around, but, after the numbers have gone 
around a« far as the angle where it is mtended to hp-ve the vertex 





of Uie finaj triangle, ^e numbers shoold be continued from the 
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other aiigle of the base, as is shown in Kg. 45, In it only the 
intersections are marked.* 

(83) It 18 sometimes more coDvenient, not to produce one of 
flie sides of the figure, but to draw at one end of it, as at the point 
1 in Fig. 46, an indeSnite line, usually a perpendicular to a line 

Fig. 46. 



joining two distant angles of the figure, and make this line the base 
of the equivalent triangle desired. The operation is shown by the 
dotted lines in the figure. The same Gener^ Rule applies to it, 
as to the previous figures. 

(84) Special Instruments, A variety of inatruments have 
been invented for the purpose of determining areas rapidly and 
correetfy. One of the simplest is the " Compiting Scale" which 
is on the same principles as. the Method of Art. (15). It is repre- 
sented in Fig. 47, ^ven on the following page. It consists of a 
scale divided for its whole length from the zero point into 
diviaons, eaoh representing 2^ chains to the scale of the plat. 
The scale carries a slider, which moves along it, and has a 
wire drawn across its centre at right angles to the edges of tiie 
scale. On each aide of this wire, a portion of the shder equal 
in length to one of the primary, or 2 J ch^, divisions of the scale, 
is laid ofiF and divided into 40 equal parts. 

This instrument is used in connection with a sheet of transpa- 
rent paper, ruled with parallel lines at distances apart each equal, 
to one chain on the scale of the plat. It is plain, that when the 

* A figure with carved boundaries may be reduced to a triangle iu a Bimilar 
manner. Straight lines mast be drawn about the figure, so as lo be partly in it 
and partly out. givinK and taking about equal quantities, sn tlial: the figure which 
these tines form, shall be about equivalent to the curved figure. This having 
been done, as wilt be further developed in Ail. (124), the eqnivaleul: straight 
lined figure is reduced by the above method. 
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inBtniment is laid on tiiis paper, with ita edgeon one of tlia 
parallel lines, and the slider is moved over one of the divir 
Hons of 2^ chains, that om rood, or a quarter of an acre, 
has been measured between two. of the parallel lines on the 
paper (since 10 square chains make one acre).; and. that- 
one of the smaller divbions measures one pereh between, 
the same parallels. Four of the larger divisions give 
one acre. The scale is generally made long enough to 
measure at once five acres. 

To apply this to the plat of a field, or farm, lay the 
tranaparait paper over it in such a position that two of 
the ruled lines shall touch two of the exterior 
the boimdaries, as 
at A and B, Lay 
the scale, with the 
slide set to zero, 
on the paper, in a 
direction parallel 
to the ruled lines, 
and so that the 
wire of the slide 
cuts the left hand 
oblique line so as 

to make the spaces c and d about equal. Hold the 
scale firm, and move the slider till the wire cuts the 
right hand oblique line in such a way as- to equalize the 
spaces e and /. Without changing the slide, move 
the scale down the width of a space, and to the left 
hand end of the next spa^e ; be^ there- again, and proee^ as 
before. 

So go on, till the whole length of the scale is run out, (five acres 
having been measured), and then begin at the right hand side and 
work backwards to the left, reading the lower divisions, which nm 
up to 10 acres. By continuing this process, the content of pla& 
of any size can be obtained. 

A still simpler substitute for thisis a scide wmilarly divided, but 
irithout an attached slide. In place of it there ia used a jue/je ob 




- n 
• F ^ •■ 
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horn having a line drawn acrosa it and rivetted to the end of a 
short scale of box-wood, divided like the former slide. It is used 
like the former, except that at starling, the zero of the short scale 
and not the line on the horn is made to coincide vrith the zero of 
the iong scale. The slide is to be held fast to the instirunent when 
t^s is moved. 

The Pedwmeter is another less simple instrument used for the 
same object. It measures any quadrilateral directly. 

(85) Some very complicated instruments for the same object 
have been deviaed. One of them, Bang's Planometer, determines 
the area of tmy figure, by merely moving a pomt around the outr 
line of the surface. This causes motion in a tr^ of wheel work, 
which renters the algebrfuc sum of the product of ordinates to 
every jxant in that perimeter, by the increment of their abscissas, 
and therefore measures the included spa^e. 

Instruments of this kind have been invented in Germany by 
Ernst. Hansen, and Wetli. 

(86) A purely mechanical means of determining the area of 
any surface by means of its weight, may be placed here. The plat 
is cut out of paper and weighed by a dehcate balance. The 
weight of a rectangular piece of the same paper containing juat one 
acre is also found; and the " Rule of Three" gives ibe content. 
A modification of this b to paste a tracing of the plat on thin sheet 
lead, cut out the lead to the proper lines and wei^ it. 

(87) FOntTH flIETHOD.— TRIGONOMETRICALLT. By cal- 
culating, from the observed angles of the boundaries of the p.eee 
of ground,^ lengthsofthe lines needed for caloulaUng the content. 

This method is employed fcr surveje made with angular instru- 
ments, as the compass, &c., in order to obtain the content of the 
land surveyed, without the necessity of previously making a plat, 
thus avoiding both that trouble and the inaccuracy of any calcular 
tions founded upon it. It is therefore the most accurate method; 
but will be more appropriately explained in Part III, Chapter VI, 
under the head of "Compass Surveying." 
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PART II. 

CHAIN-SURVEYING ; 

By tJte First aaid Second Metkoda -• 

OR 

DIAGONAL AND PERi>ENDICULAR SURVEYING. 

(88) The chain alone is abundantly sufficient, irithout the aid 
of any other instroment, for maHng an accurate survey of any 
surface, whatever its shape or size, pa.rticularly in a district tolerar 
bly level and clear. Moreover, since a chain, or some substitute 
for it, formed of a rope, of leather driving reins, &c., caii be 
obtained hy any one m the most secluded place, this method of 
Surveying deserves more attention than has usually been g^vcn to 
it in this country. It will, therefore, be fiilly developed in the 
following chapters. 

CHAPTER I. 
SntTEIING BY DIAGONALS : 

OR 

By ike First Method. 

(89) Surveyinff iy Diagonals is an application of the First 
Method of determining the position of a point, given in Art. (5,) to 
which the student should again refer. Each comer of the field or 
form which is to be, surveyed is " determmed " by measuring its 
distances from two other points. The field is then "platted" 
by repeating tiiis process on paper, for each comer, in a contrary 
order, and the "content" is obtained by some of the methods 
explained in Chapter IV of Part I. 



Hosted by 



Google 



68 CHAIN SDRTETIIVG. [parx ii. 

The lines which are measured in order to determine the comers 
of the field are usually diagonals of the irregular polygon which is 
to be surveyed. They therefore divide up Haa polygon into trian- 
gles ; whence this mode of surveying is sometimes called " Chain 
Triangulation." 

A few examples will make the principle and practice perfectly 
clear. Each will be seen to require the three operations of ineamir- 
ing, platting, and calculating. 

(90) A three-Sided BeW ; as Fig. 49. fig. «^ 

Meld^work. Measure the three sides, 
AB, EC, and CA. Measure aJso, as a 
proof line, the distance from one of the cor- 
ners, as C, to some point in the opposite side, as D, at which a 
mark should have been left, when measuring from A to B, at a 
known distance from A. A stick or twig, witii a slit in its top, to 
receive a piece of paper with the distance trom A marked on it, 
is the most convenient mai-k. 

Platting. Choose a smtable scale as directed in Art. (44). 
Then, by Arts. (42) and (49), draw a line equal in length, on the 
chosen scale, to one of the sides ; AB for example. Take in the 
compasses the length ^of another side as AC, to the same scale, 
and with one leg in A as a centre, describe ao arc of a circle. 
Take the length of the third aide EC, and with E as a centre, 
describe another arc, intersecting the first arc in a point which will 
be the third comer 0. Draw the lines AC and BC ; and ABC 
will be the plat, or miniature copy — as explained in Art. (35 ) — 
of the field surveyed. 

Instead of describing two arcs to get the point C, two piurs of 
compasses may be conveniently used. Open them to the lengtiis, 
respectively, of the last two sides. Put one foot of each at the 
ends of the first side, and bring their other feet together, and their 
point of meeting will mark the desired third point of the triangle. 

To "prove" the accuracy of the work, fix the point D, by setting 
off from A the proper distance, and measure the length of the line 
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DC, by Art. (43). If its length on the plat corresponds to ita 
measurement on the ground, the work ia correct.* 

Calculation. The content of the field maj now be found as 
directed in Art. (65), either from the three sides, or more easUy 
thou^ not 30 accurately, by measuring on the plat, by Art. (43), 
the length of the perpendicular CE, let fall from any angle to the 
opposite side, and taking half the product of these two lines. 

Example 1. Figure 49, is the plat, on a scale of two chfuns 
to one inch, of a field, Of which the side AB is 200 hnks, BC is 
100 links, and AC is 150 links. Its content by the rule of Art. 
(65), is 0.726 of a square chain, or OA. OR. 12P. If the perpen- 
dicular AD be accurately measured, it will be found to be 72j 
links. Half the product of this perpendicular by the base will be 
found to ^ve the same content. 

Ex. 2. The three sides of a triangular field are respectively 
89.39, 64.08, and 46.98. Required its content. 

Am. lOOA. OB. lOP. 

(91) Afoiir-sM«d fl«ld; tig. so. 

as Kg. 50. 

Meld-work. Measure the 
four sides. Measure also 
a diagonal, as AC, thus di- 
viding the four-sided field 
into two triangles, Mea- "^ 
sure also the other diagonal, or BD, for a " Proof line." 

Platting. Draw a line, as AC, equal in length t« the diagonal, 
to any scale, by Arts. (42) and (iS). On ea^h side of it, con- 
struct a triangle with the sides of the field, as directed in the pre- 
ceding article. 

To prove the accuracy of the work, measure on the plat the 
length of the " proof line," BD, by Art. (4S), and if it agrees 
with the length of the same line measured on the ground, the field 
work and platting are both proved to be correct. 

* It IB a universal principle in all aarveying operalions, that the work must l:e 
tested by some means independent of the original process, and lijat lli'^ same re- 
anlt mnsl be anived at bv" two different raelhods. The neceflsaiy length of this 
proof line can also eaEily be calculated by the principles of Trigonometiy. 
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Calculation. Find the content of each triai 
in the preceding case, and add them together ; or, more hrieflj, 
multiplj eidier diagonal (the longer one is preferable) by the sum 
of the two perpendiculars, and divide the product by two. 

Otherwise : reduce the four-sided figure to one triangle as in 
Art. (78) ; or, use any of the methods of the preceding chapter. 

Example 3. In tbe field drawn in Fig. 50, on a scale of 3 chains 
to the inch, AB = 588 links, EC = 210, CD = 430, DA = 274, 
the diagonal AC = 626, and the proof diagonal BD = 500. The 
total content will be lA. OR. 17P. 

Ex. 4. The sides of a fonr^ded field are AB = 12.41, BC 
= 5.86, CD =8.25, DA = 4.24; the diagonal ED = 11.55, 
and the proof line AC ^ 11.04. Required the content. 

Ans. 4A. 2R. S8P. 

Ex. 5. The sides of a four-sided field are aa follows : AB ^ 
8.95, BC = 5.33, CD = 10.10, DA = 6.54 ; the diagonal from 
A to C is 11.52 ; the proof diagonal from B to D is 10.92. Re- 
quired the content. Ans. 

Ux. 6. In a fouivsided field, AB = 7,68, BC = 4.09, CD = 
10.64, DA = 7.24. AC = 10.32, BD = 10.74. Required the 
content. Am. 



(92) A many-sided field, as Fig. 51. 

Fig. 51. 
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Meld-Work. Measure all the sidea of the field.- Measure 
also diagonala enough to divide the field into triangles ; of which 
there will always be two less than the number of sides. Choose 
8uch diagonals as will divide the field into triangles as nearij equi- 
lateral as possible. Measure also one or more diagonals for 
" Proof lines," It is well for tlie surveyor himself to place stakes 
in advance at all the comers of the field, aa he can then select the 
best mode of division. 

Platting. Begin with any diagonal and plat one triangle, as in 
Art. (90). Plat a second triangle adjoining the firat one, as in 
Art. (91). Plat another adjacent triangle, and so proceed, till all 
have been laid down in their proper places. Measure the proof 
lines as in the last article. 

Calculation. Proceed to calculate the content of the figure, 
precisely aa directed for the four-sided field, measuring the perpen- 
diculars and calculating the content of each triangle in turn ; or 
taking in piurs those on opposite sides of the same diagonal ; or 
using some of the other methods which have been explained. 

Example 7. The six-sided field, shown in Hg. 51, has the 
lengths of its lines, in chains and links, written upon them, and is 
divided into four triangles, by three diagonals. The diagonal 
BE is a " proof-line." The Figure is drawn to a scale of 4 chains 
to the inch. The content of the field is 6A. 3R. 22P. 

Ex. 8. In a five-sided field, the length of the sidea are as fol- 
lows : AB = 2.69, BC = 1.22, CD = 2.32, DE = 3.55, EA = 
3.23. The diagon^ are AD = 4.81, BD = 3.33. Required its 
content. Ane. 

(93) A field may be divided up into triangles, not only by mea- 
suring diagonals as in the last figure, but by any of the methods 
shown in the four figures of Art. (71). The one which we have 
been employing, corresponds to the last of those figures. 

Still another mode may be used when the angles cannot be seen 
from one another, or from any one point within. Take three or 
more convenient points within the field, and measure from them to 
the comers, and thus form different sets of triangles. 
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KEEPING THE FIELD NOTES. 
(94) Bf Skelcbi The most simple metliod is to make a sketch 
of the field, as nearly correct aa the unassiated hand and eye can 
produce, and not© down on it the lengths of all the lines, aa in Fig. 
51. But when many other points require to be noted, such as 
where fences, or roads, or streams are crossed in the measurement, 
or any other additional particulars, the sketch would become con- 
fused, and be likely to lead to misiakea in the subsequent platting 
from it. The following is therefore the usual method of keeping 
the Field-not«s. A long narrow book is moat convenient for it. 

(93) In Colnmng. Draw two parallel lines about an inch apart 
from the bottom to the top of the page of the 
field-book, as in the margin. This column, or pair 
of Imea, may be conceived to represent the measured 
line, split in two, its two halves being then separated, 
an inch apart, merely for convenience, ao that the 
distances measured along the line, may be written be- 
tween these halves. 

Hold the book in the direction of the measurement. At the 
bottom of ihe page write down the name, or number, or letter, 
which representa the station at which the survey is to be^n. 



A " station" ia marked with a triangle or circle, a; 
in the margin. The latter ia more easily made. 



© 



In the comphoated caaea, which will be hereafter explained, and 
in which one long base line is meaaured, and alao many other sub- 
ordinate lines, it will be well, as a help to the memory, to mark 
the stations on the Base line with a triangle, and the atations on 
the other linea with the ordinary circle. 

The station from which the measure- foB 

menta are made is- usually put on the left 
of the column ; and the 8ta,tion which is 
measured to, is put on the right. 
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But it is more compact, and avoids interfering 
with the notes of "offsets" (to be explained here- 
after) to write the name or number of the station 
in the column, as in the margin. 

The measuremente to different points of a line are 
written above one another. The numbers all refer 
to the be^nning of the line, and are counted from it. 

The end of a measured line is marked by a line 
drawn across the page above the numbers which " 
indicate the measurements which have been made. 

If the chaining does not continue along the 
adjoining line, but the chain-men go to some _ 
other part of the field to begin another mea- 
surement, two lines are drawn across the page. 

When a fine has been i 
r or n are made to show 



., the marks 
vhether the follow- 



lowing line turns to the ri^t or to the left. " — j j 

A Ime is named, either by the names of the stations between 
which it is measured, as the Une AB ; or by its length, a line 
562 Unks long, being called the line 562 ; or it is recorded as Line 
No. 1, Line No. 2. & 
Field-book. 



: as Line on page 1, 2, &c., of the 



When a mark is left at any point of a line, 
as at D, ui Fig. 49, with the intention of com- 
ing back to it again, in order to measure to 
some other point, the place marked is called a 
False Station, and is marked in the Field-book 
F. S. ; or has a line drawn aromid it, to distin- 
guish it ; or has a station mark a placed outside 
of the column, to the right or left, according to 
the direction in which the measurement from it is 
to be made. Examples of these three modes are 
^ven in the margin. 





562 

200 




F.S 




562 

(200) 








562 

200 




i 



Hosted by 



Google 



OlllIV SURTETINe. 



[part II. 



A False Station ia named by ita position on the line where it 
belongs; as thus — " 200 on 562." 

When a gate occurs in a measured line, the distance from th« 
be^nning of the line to the aide of the gate first reached, ia the 
one noted. 

When the measured line croasea a fence, brook, 
road, &c., they are drawn on the field-notes in 
their true direction, as nearly as poasible, but 
not in a continuoua line across the column, as in 
tiie first figure in the margin, but as in the se- 
cond figure, 80 that the two parts would form a 
continuous straight line, if the halves of the 
" spht line" were brought together. 

It is convenient to name the lines, 
Diagonals, Proof lines, &c. 



the margin, as being Sides, 



(96) The Field-notes of the triangular field platted in Fig. 49, 
are ^ven below, according to both the methods meniaoned in tlie 
preceding Article, pages 62 and 63. 

In the Field-notes in the column on the right hand, it ia not abso- 
lutely necessary to repeat the B and C. 
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(97) The Pield-notes of the survey platted in Fig. 51, are ^ven 
below. They be^n at tbe bottom of tlie left band colmnn. 
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CHAPTER II. 
suRVErinie bv tie-lines. 

(98) Surveying hy Tie-lines is a modification of tlie method 
explained in the hist chapter. It frequently happens that it is im- 
possible to measure the diagonals of a field of many sides, in conse- 
quence of obstacles to measurements, such as woods, water, houses, 
&c. In such cases, "Tie-lines," (so called because they tie the 
aides together), are employed as substitutes for diagou^. 

Thus, in tlie four-sided field shown in the Figure, the diagonaU 
cannot he measured because of woods inter- p-ig. aa. 

vening. Aa a substitute, measure off from P ,, 

any convenient comer of the field, as B, any Z^^'">^^^^ 
distances, BE, BF, along the sides of the /^^£h^^./T 
field. Measure also the "tie-line" EF. /^^^^ii/__i 
Measure all the sides of the field as usual. A JC B 

To plat this field, construct the triangle BEF, as in Art, (00). 
Produce the aides BE and EF, till they become respectively equal 
to BA and BC, as measured on the ground. Then with A and 
as centres, and with radii respectively eq\ia] to AD and CD, 
describe arcs, whose intersection will be D, the remaining comer 
of the field. 

(99) It thus appears that ^e tie-line is sufiicient to determine a 
four-aided field; two, a five-sided field, and so on. But, as a 
check on errors, it is better to measure a tie-line for each angle, 
and the agreement, in the plat, of all the measurements will prove 
the accuracy of the whole work. 

Since any inaccuracy in the length of a tie-line is increased in 
proportion to the greater length of the sides which it fixes, the tie- 
lines should be measured as far from the point of meeting of these 
sides as possible, that is, they should be as long as possible. 

The radical defect of the system is that it is " working from less 
to greater," (which is the exact converse of the true principle), 
thus magnifying inaecuracies at every step. 
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A iae-line may also be emplojed aa a " proof line," in the place 
fa diagonal, and tested in the sanae manner. 



If .any angle of the field is re-entering, aa at 
B in the figure, measure a. tie-line across the 
ealieat angle ABC. 



(too) Chatn Angles. It is convenient, though not necessary, 
to measure equtJ distances along the ades ; BE, BF, in Fig. 5^, 
and BA, EC, in IFig. 53. " Chain Angles" are thus formed.* 




(101) Inaccessible Areas. The method of tie-lines can 1 
applied to measuring fields which cannot he entered. 



fig. 54. 




Thua, in the Kgure, ABCD is an inac- 
cessible wooded field, of four sides. To 
survey it, measure aJl the sides, and at 
any comer, as D, measure any distance 
DE, in the line of AD produced. Mear 
sure also another distance DF in the line 
of CD produced. Measure the tie-line EF, and the figure can he 
platted aa in the case of the field of Fig. 52, the sides of the trian- 
gle being produced in the contrary direction. 

The same end would be attained by prolonging only one side, as 
shown at the angle A of the same figure, and measuring AG, AH, 
and Gli. It b better in both cases to tie all the angles in a 
similar manner. 

This method may be applied to a figure of any number of sides 
by prolonging as many of them as are necessary ; gJl of them, if 



* Chain angles may be reduced to angles measnred in degrees, by obeerving 
that the tie-line is the chord of the an^leto a radius equal to one qf the equal dis- 
tances measured on the sides. Therefore, divide the length of the tie-line by the 
length of this distance. The qnolieDt wilt be the chord of the angle to a Titdiat 
of one. In the TiBLE of Chords, at the end of this volume, find this quotient, 
and tii<^ number of degieeB and minutes eorrespondiug to it gives the angle re- 
quired. Otherwise; since the chord of any angle equals twice the sine ot half 
the angle, we have this rule : Divide half the tie-line by the measnred distance ; 
Riiil in n talilp of natnra! sines the angle corresponding to the quotient, and mul- 
tiply this angle by two, to get the angle desired. 
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(102) If the sides OD and AD were prolonged bj their full 
length, the content of the figure could be calculated without ajiy 
plat ; for the new triangle DEF would equal the triangle DAO ; 
aod the Miles of the triangle ACE would then be laiown. 

Fig. 55 

This principle may be extended still farther. j,i 
For a five-sided field, as in Kg, 55, produce ■:;■., 

two paira of sides, a distance equal to their ^ ^^c"- 
length, forming two new triangles, as shown by li^^kr^*' 
the dotted lines, and measure the sides E'C, l^Ai^-iSi^ 

and A'D". The three sides of eaeh of these **-■ — --"— 
triangles will thus be known, and also the three 
sides of the triangle BAD, Mnce AD = A'D", 
andBD = B'D'. „ /' \ 

» - "A- 

rig. 56. 

The method of tins article may be employed "-'.'S.''----"'' 

for a figure of six sides as shown in Fig. 56, Co^^^SaA /^ 
(in which the dotted lines within the wooded \i^^ liV I 
field have their lengths determined by the tri- "\---fH^^ ;/ "-J 
angles formed ontsde of it,) but not for figures \ NT^""''^''^ 
of a greater number of adesv \i 



CHAPTER III. 
SDRVErilVG BY PERFENDICPLARS ! 

OS 

By the Second Method. 
(IrtS) The method of Surv^ng by Perp&ndiadars Is founded 
on the Second Method o£ determimng the position of a point, 
explfuned in Art. (6). It is applied in two ways, either to 
making a complete Survey by '■^DiagonaU and Perpendiculars" 
or to measuring a crooked boundary by " Offset!.'" Each witt^b* 
considered in turn. 
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on tie ground must, 



The best methods of getting 
however, be first explained. 

TO SET OUT PERPENDICULARS. 

(104) SurFCyor's Cro^ The simplest instrument *''f- 57. 
for this purpose is the Sivreeyor's Cross, or Cross-Staff, ,'|^ 
shown in the figure. It consists of a block of wood, of \~\~/ 
a»iy shape, having in it two saw^cuta, made very precise- 
ly at right angles to each otker, about half an inch deep, 
and with centre-bit holes made at the bottom af the cuts 
to assist in findmg the objects. This block ia fixed on a 
pointed staff, on which it can turn treely, and which 
should be precisely 8 finks (63^ inches) long, for the 
convenience of short measurements. 

To use the Cross-staff to erect a perpendicular, set it 
at the point of the liae at which a perpendicular is want- 
ed. Turn ats head till, on looking through one saw-cut, 
you see the ends of the line. Then will the other saw- 
cut point out the direction of the perpendicular, and thus 
guide the measurement desired. 

To find where a perpendicular to the line, from some object, as 
a comer of a field, a tree, &c^ would meet the fine, set up the 
cross-staff at a puint of the line which seems to the eye to be about 
the spot. Note about how far from the object the perpendicular 
at this point strikes, and move the cross-staff that distance ; an4 
repeat the operation till the correct spot is fiiund. 

(105) To test the accuracy of the in- P'g- 58. b p ^' 
atrument, sight through one slit to some 
point A, and place a stake B in the line 
of sight of the other slit. Then turn its 
head a quarter of the way around, so tzf 
that the second slit looked through, points to A. Then see if the 
other slit covers B again, as it will if correct. If it does not do 
30, but sights to some other point, as B', the apparent error is 
double the real one, for it now points as far to the right of the true 
point, C as it did before to its left. 
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This ia the first example we have had of the invaluable priit- 
ciple of Seversion, which is uaed ia almost everjr teat of the aecu- 
raoy of Surveying and Aatronomical instruments, its peculiar merit 
being that it doubles the real error, and Uius makes it twice as easy 
to perceive and correct it. 

(106) The instrument, in its most finished form, is made of a 
hoDow brass cylinder, which has two pairs of slita exactly opposite 
to each other, one of each pair being narrow and the other wide, 
with a horse-hair stretched from the top to the bottom of the latt«r. 
It is also, sometimes, made with eight faces, and two more pairs 
of slits added, so as to set off half a right angle. Fig. 59. 



Another form is a hoUow brass sphere, as in the 
figure. This enables the surveyor to set off perpen- 
pendiculars on very steep slopes. 



Another form of the surveyor's cross consists of two pairs 
of plaia " Sights," each shaped as in the figure, placed at 
the ends of two bars at rig^t angles to each other. The 
^t, and the opening with a hair stretched from its top to 
its bottom, are respectively at the top of one sight and at 
the bottom of the opposite sight.* This is tised in the same 
maimer as the preceding form, but is less portable and moi 
to get out of order. 

A temporary substitute for these instrumeifts may be 
made hy sticking four pins into the comers i 
faeee of board ; and sighting across them, in the direc- 
tion of the line and at right angles to it. 



(lOT) Optical Square. The most convenient and accurate m- 
strument is, however, the Optical Square. The figures give a per- 
spective view of it, and also a plan with the lid removed. It is a 
small circular box, containing a strip of looking-glass, from the 
upper half of which tiie silverina is removed. This glass is plaeed 

' Tlie rrench call the narrow opening ailleloa, and ihe wide one croisM- 
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HO aa to make precisely half a right 
angle ivith the line of sight, which 
passes through a slit on one aide 
of the box, and a vertical hair 
stretched across the opening on the 
other side, or a mark on the glass. 
The box is held in the hand over 
the spot where the perpendicular is 
desired, (a plumb line in the hand 
will give perfect accviracy) and 
the observer applies his oje to the 
slit A, looking through the upper 
or unsilvered part of the glass, and 
turns the box till he sees the other 
end of the line E, through the open- 
ing C. The assistant, with a rod, 
moves along in the direction where the perpendicular is desired, 
being seen hi the silvered parts of the glass, by reflection throu]^ 
the opening D, till his rod, at E, is seen to coincide with, or to be 
exacfly under, the object B. Then is the line DE at right angles 
to the hne AB, by the optical principle of the equahty of the an- 
gles of incidence and reflection. 

To find where a perpendicular from a distant object would strike 
the hne, walk along the line, with the instrument to the eye, till 
the image of the object is seen, m the silvered part of the glass, to 
comcide with the direction of the hne seen through the unsilvered 
part. 

The mstrument may be tested by sitting along the perpendicu- 
lar, and fixing a point in the ori^al line ; on the principle of 
" Reversion." 

The surveyor can make it for himself, fastening the glass in the 
box by four angular pieces of cork, and adjus&g it by cutting 
away the cork on one side, and introducing wedges on the other 
side. The box should be blackened inside. 

Another form of the optical square contains two glasses, fixed at 
an angle of 45°, and giving a right angle on the principle of the 
Sextant. 
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(108) Chain Perpendiculars. Perpendiculars may be set out 

with tlie chain aJone, by a variety of methods. These methoda 
generally consist in performing on the ground, the operationa exe- 
cuted on paper in practical geometry,, the chain being used, in the 
place of the compasses, to describe the necessary arcs. 

As these operations, however, are leas often used for the method 
of surveying now to be expl^ned, than for overcoming obstacles to 
measurement, it will be more convenient to consider them in that 
connection, in Chapter V. 

DIAGONALS AND PERPENDICULARS. 

(109) In Chapter I, of this Part, we have seen that plata of sur- 
veys made with the cbmn alone, have their contents moat easily 
determined by measuring, on the plat, the perpendiculars of each 
of the triangles, into which the diagonals measured on the ground 
have divided the field. In the Method of Surveying by Biagonali 
and Perpmdiculars, now to he expliuned, the perpendiculars are 
measured on the ground. The content of the field can, therefore, 
be found at once, (by adding together the half products of each 
perpendicular by the diagonal on which it is let fall,) without the 
necessity of previously making a plat, or of measuring the sides of 
the field. This is, therefore, the moat rapid and easy method of 
surveying when the content alone is required, and b particularly 
applicable to the measurement of the ground occupied by crops, 
for the purpose of detemuning the number of bushels grown to the 
acre, the amount to be paid for mowing by the acre, &c. 

(110) A three-sided field. Measure the ^^'S- 63- 
longest side, aa AB, and the perpendicular, 
CD, let fall on it from the opposite angle C. 
Then ilie content is equal to half the product 
of the side by the perpendicular. If obstar 
cles prevent this, find the point, where a perpendicular let fall from 
an angle, as A, to the opposite side produced, as BO, would meet 
it, as at E in the figure. Then half the product of AM by CB is 
the content of the triangle. 
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(111) A foDr-side<l field. 

Measure the diagonal AC. Leave 
marks at the points on this diago- 
nal at which perpendiculars from B ^^^ 
and from D wonld meet it ; find- 
ing these points by trial, as previ- 
ously directed in Arts. (101) aud 
(101). The beat marks at these ^ 

" False Stations," have been described in Art. (90). Return to 
these false stations and measure the perpendiculars. When these 
perpendiculars are measured before finishing the measurement of 
the diagonal, great care is necessary to avoid making mistakes in 
the length of the diagonal, when tho chainmen return to continue 
ite measurement. One check is to leave at the mark as many pins 
as have been taken up by the hind-chainman in coming to that 
point from the be^ning of the line. 

Example 9. Required the content of the field of Fig. 64. 
Am. OA. 2R. 29P. 

The field may be platted from these measurements, if desired, 
but with more liability to inaccuracy than in the first method, in 
which the aides are measured. The plat of the figure is 3 chains 
ia 1 inch. 

The field-notes may be taken by writing the measurements on a 
sketflh, as in the figure ; or in more eompficated cases, by the 
column method, as below. A new symbol may he employed, this 
mark, ^-, or H, to show the False Station, from which a perpen- 
dicular is to be measured. 

.Example 10. Calculation. 

ABC = » X 480 X 110 = 26400 
ADC= ^ X 480 X 175 = 42000 
sq. chains 6.8400 
Aeres 0.681 
It ia still easier to take the two 
triangles together ; multiplying 
the diagonal by the sum of the per- 
pendiculars and di^-iding by two. 
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(112) A many-sided field. Fig. 65, and the accompanjing 
field-notes represent the field wLdch was surveyed hj the Mrst 
Method and platted in Fig, 51. 
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Example 11. Calculation. 
The content of the triangles may 
be expressed thus : 

sq. Iks. 
ABC = ^x 1142x267=152457 
AKC = ^Xll42x493=281503 
Ci)E = ^X 775x253= 98037 
AEF = J X 737 X 1 5 4= 567 49 



sq.( 



s58.8 



Acres 5.88746 
or, 5A. 3R. 22P. 
The first two triangles nught 
have been taten together, as in 
the previous field. 

Content calculated from the 
perpendiculars will generally va- 
ry slightly from that obtained by 
measuring on the plat. 
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(IIS) A small field whicli has many sides, may a 
conveniently surveyed by taking one diagonal and measuring the 
perpendiculars let fall on it from each angle of tlie field, and thus 
dividing the whole area into triangles and trapezoids ; as in Kg. S6, 



The line on which the perpencQculars are to be let fall, may also 
be outside of the field, a8 in Fig. 37, page 48. 

Such a survey can be platted very readily, but the length of the 
perpendiculars renders the plat less accurate. 

This procedure supplies a transition to the method of " Ofeeta," 
which ia explained in the next article, 

OFFSETS. 

(114) Offsets are short perpendiculars, measured from a straight 
line, to the angles of a crooked or zigzag hne, near which the si 
line runs. Thus, in the figure, ^''s■ fi". 

let ABCD be a crooked fence, 
bounding one side of a field. Chain 
along the straight line AB, which runs from one end of the fence 
to the other, and, when opposite each corner, note the distance 
from the beginning, or the point A, and also measure and note the 
perpendicular distance of each comer C and D from the line. 
These comers will then be " determined" by the Second Method, 
Art. (6). 

The Field-not«8, corresponding to Fig. 
66, are as in the margin. The measure- 
ments along the Hne are written in the 
column, as before, counting from the be- 
ginning of the hne, and the effects are 
written beside it, on the right or left, oppo- 
Hte the distance at which they are taken. 
A sketch of the crooked line is also usually From A Ci( O 
made in the Reld-notea, though not abso- 
lutely necessary in so simple a case as 
this. The letters C and D would not be used in practice, but are 
here uiserted to show the connection between the Field-notes and 
the plat. 
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In taking the Field-Notes, the widths of the offsets should not 
be drawn proportionally to the distances betiveen them, but the 
breadths should be greatly exaggerated in proportion to the lengths. 

(115) A more extended example, with a little different notation, 
is given below. In the figure, which is on a scale of 8 chains to 
one inch for the distances along the line, the breadths of the offeets 
are exaggerated to four times their true proportional dunensions. 
Fig. 67. 
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(116) The plat and Field-notes <A' the position of two nouses, 
determined by oSseta, are given below, on a scale of 2 chains to 1 
inch. 
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(III) Double ofisets are sometimes convenient ; and sometimes 
triple and quadruple ones. Below are g^ven the notes and the 
plat, 1 chain to 1 uich, of a road of varying width, both sides of 
which are determined by double ofeets. It will be seen that the 
line AB crosaes one side of the road at 160 links from A, and the 
other side of it at 220. 
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Two methoda of keepmg the Keld-notes are given. In the first 
form, the of&ets to each side of the road are ^ven separately and 
connected hy the sign +. In the second form, the total distance 
of the second offiefc is given, and the two measurements connected 
by the word "to." This b easier both for measuring and platting. 
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(1 18) These offsets may generally be taken with sufBcient accura- 
cy by measuring them as nearly at right angles to the base line as the 
eye can estimate. The surveyor should stand by the chain, facing 
tlie fence, at the place which he thinks opposite to the corner to 
which he wishes to take an oflset, and measure " square " to it by 
the eye, which a little practice will enable him to do with much 
correctness. 
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The ofeets may be measured, if short, with an Offeet^etaff, a 
light stick, 10 or 15 links in length, and divided accordingly ; or 
if they are long, with a tape* They are generally but a few links 
in length. A chain's length should be the extreme limit, as laid 
down bythe English " Tithe CoDimissioncrs," and that should be 
employed only in exceptional cases. When the " Cross-staff" is 
in use, its divided length of 8 links, renders the offset-staff need- 
leas. 

When offsets are to be taken, the method of chaining to tiie 
end of a line, described in Art. (23), page 21, ia somewhat modi- 
fied. After the leader arrives at the end of the line, he should 
draw on the chain till the follower, witii the back end of the chain, 
reaches the last pin set. This facilitates the coimting of the links 
t« Hie places at which the offsets are taken, 

The ofisets are to be taken to every angle of the fence or other 
crooked line ; that is, to every point where it changes its direc- 
tion. These angles or prominent bends can be best found by one 
of the party walking along the crooked fence and directing another 
at the chain what points to measure opposite to. If the line which 
is to be thus determined is curved, the offeets should be taken to 
points Senear each other, that the portions of the curved line lying 
between them may, without much error, be regarded as strfught. 
It will be most convenient, for the subsequent calculations, to take 
the offsets at equal distances apart along the straight line from 
which they are measured. 

In the case of a crooked brook, such as ia shown in the figure 
^ven below, effects should be taken to the most prominent angles, 
such as are marked a « a in the figure, and the intermediate bends 
may be merely sketched by eye. 

Fig. 70. 



When ofeets from lines measured around a field are taken in^de 
of these bounding lines, they are sometimes distinguished as Insets. 
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(119) Platting:. The moat rapid method of platting the o^ets, 
ia by the use of a Platting Scale (described in Art. 49) and an 
Offset Scale, which is a short scale divided on its edges like a 
platting scale, but having its zero in the middle, aa in the figure. 




The platting scale is placed parallel to the line, with its zero 
point opposite to the be^nnitig of the line. The ofeet scale is 
slid along the plattmg scale, till ita edge comes to a distance on 
the latter at which an offset had been taien, the length of which is 
marked off with a needle point from the offset scale. This is then 
shd on to the next distance, and the operation is repeated. If 
one person reads off the field-notes, and another plats, the opera- 
tion will be greatly facilitated. The points thus obtained are 
joined by straight lines, and a miniature copy of the curved line ia 
thus obtained ; all the operations of the platting being merely re- 
petitions of the measurements made on the ground. 

If no oSset scale is at hand, make one of a strip of thick drawing 
paper, or pasteboard ; or use the platting scale itself, turned cross- 
ways, having previously marked off from it the points from which 
the offsets had been taken. 

In plats made on a small scale, the shorter ofisets are best esti- 
mated, by eye. 

On the Ordnance Survey of Ireland, the platting of ofisets is 
fecilitated by the use of a combination of the offset scale and the 
platting scale, the former being made to sHde in a groove in the 
latter, at right angles to it. 



(120) Calculatli^ Content. ^Vhen the crooked line detei^ 
mined by offsets is the boundary of a field, the content, enclosed 
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between it and the straight line surveyed, must be determined, 
that it may be added to, or subtracted from, the content of the 
field bounded by the straight Ibies, There are various methods of 
effecting this. 

The area enclosed between the straight and the crooked hnes is 
divided up by the ofisots into trtanfflea and trapezoids, the content 
of Tvhicb may be calculated separately by Arts, (65) and (67), 
and then added together. The content of the plat on page 75, 
will, therefore, be 1500 + 4125 + 625 = 6250 square links = 
0.625 square chain. The content of the plat on page 76, will in 
like maimer be found to be, on the left of the straight line 30,000 
square links, and on its right 6,000 square links. 

(121) When Me offsets have leen taken at equal distances, the 
content may be more easily obtained by adding together half of 
the first and of the last offset, and all the intermediate ones, and 
multiplying the sum by one of the equal distances between the off- 
sets. This rule is merely an abbreviation of the preceding one. 

Thus, in the plat of page 76, the distances being equal, the con- 
tent of the offeets on the left of the straight line will be 120 x 250 
= 30,000 square links, and on the right 20 X 250 = 5,000 
square linlcg ; the same results as before. 

When the hne determined by the o^ets is a curved line, " Simp- 
son's rule" gives the content more accurately. To employ it, an 
even nmnber of equal distances must have been measured in the 
part to be calculated. Then add together the first and last ofiset, 
four tunes the sum of the even offsets, (i. e. the 2d, 4th, 6th, &c,,) 
and twice the sum of the odd offsets, (i. e. the 3d, 5th, 7th, &c.,) 
not including the first and the last. Multiply the sum by one of 
the equal distances between the ofisets, and divide by 8. The 
quotient will be the area. 

Example 12. The ofeets from a straight line to a curved fence, 
were 8, 9, H, 15, 16, 14, 9, links, at equal distances of 5 links. 
What was tiie content included between the curved fence and the 
strtught line ? Ans. 371.666 
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(IJt) Many erroneoua rules have been given on this part of the 
subject. One rule directs the anrveyor to divide the sum of all 
tiie o&ets by one leas than their number, and multiply the quotient 
by the whole length of the straight line ; or, what is the same thing, 
to multiply the sum of all the offsets by the common dbtance be- 
tween them. This will be correct only when the ofisets at each 
end of the line are nothing, i, e. when the curved line starts from 
the straight line and returns to it at the be^nning and end of one 
of the equal distances. In all other cases it will give too much. 
A second rule directs the surveyor to divide the sum of all the off- 
seta by their number, and then to multiply the quotient by the 
whole straight line. This may ^ve too much, or too little, accord- 
ing to circumstances. 

Suppose offeete of 10, 30, 20, 80, 50, 30, links, to have been 
taken at equal distances of a chain. The correct content of tiie 
enclosed space is 200 X 100 = 2 square chMns. The first of the 
above rules would give 2.2 square chains, and the second would 
give 1.8333 chains. 

(133) Reducing to one triangle the many-sided figure which is 
formedbytheoffiets, is the method of calculation sometimes adopted. 
This has been fully explained in Part I, Art. (78), &c. The 
metJiod of Art. (83) is best adapted for this purpose. 

(121) ^Equalizing, op giving and taking, is an approximate 
mode of calculation much used by practical surveyors. A crooked 
line,, determined by offsets, having been platted, a straight line is 
drawn on the plat, across the crooked line, leaving as much space 
outside of the straight line as inside of it, as nearly as can be esti- 
mated by the eye, " Equalizing" it, or " Giving and taking" equal 



portions. The straight line is best determined by laying across 
the irregular outline the straight edge of a piece of transparent 
horn, or tracing paper, or glass, or a fine thread or horse-hair 
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stretched straight by a light bow of whalebone. In practical 
hands, this method is sufficiently accurate in most cases. The stu- 
dent will do well to try it on figures, the content of which he has 
previously ascertained by perfectly a<:curat« methods. 

Sometimes this method may be advantageously combined with 
the preceding ; short lengths of the croooked boundary being 
" Equalized," and the fewer resulting zigzags reduced to one line 
by the method of Art. (78), &c. 



CHAPTER IV. 



SVRVETIIVG B\ THE PRECEDINC METHODS €OilIBISED. 
125) All the methods which have been explained in the three 
preceding chapters — Surveying by Diagonals, hj Tie-lineg, ajid 
by Per^mdieulars, particularly in the form of o&ets — are fre- 
quently required in the same survey. The method by DiagonctU 
should be the leading one ; in some parts of the survey, obstacles 
to the measurement of diagonals may require the use of Tie4i'm» ; 
and if the fences are crooked, straight lines are to be measured 
near them, and their crooks determined by Offsets. 

(126) Offsets are necessary additions to almost every other 
method of surveying. In the smallest field, surveyed by diagonals, 
unless all the fences are perfectly straight lines, their bends must 
be determined by ofiseta. The plat (scale of 1 chain to 1 inch), 
and field-notes, of such a case are ^ven below. A sufficient num- 



Hosted by 



Google 



CHA9. IT.] Diagonals, Tie-lines and Ofl^ts. 83 

ber of the mdea, diagonals, gjid proof-lines, to prove the work, should 
be platted before platting the o^eta. 

Fig. 73. 
i.JO. 
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(127) Field-books. The diffienlty and the importance of keep- 
ing the Field-notes clearly and dbtinctly, increase with each new 
combination of methods. For this reason, three different methods 
of keeping the Field-notes of the same survey wUl now be given, 
(from Bourns' Surveying), and a careful comparison by the stu- 
dent of the corresponding portions of each will be very profitable 
to him. 
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Meld-Book No. 1 (Fig. 74) shews the Sketch method, explain- 
ed in Art. (9*). 
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FIELD-BOOK So. 2. 
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MeldrBooh So. 2 (Fig. 75) sheTre the Column method, exrfauh 
ed in Art. (95). 
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Field Book No. 3 (Fig, 76) is a convenieiit combination of the 
two preceding methods. The bottom of the Book is at the ade of 
this figure, at A. 
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(128) It will easily appear from the sketch of Field-book No. 1, 
hovf much time and labor may be saved, or lost, by the maimer of 
doing the work. Thus, beginning at A, and measuring 750 Imks, 
a pole should be left there, and the line to the right meaeured tc 
17 chains, or C, leaving a pole at 12.30 as a new starting pomt by 
and by. Then from C measure 19 chains to A again ; tlien mea^ 
sure from A to B, and from B back to the pole left at 7.50 on the 
main line. 

(129) The example which will now be given shows part of the 
Field-notes, the plat, (on a scale of 6 inches to 1 mile [1:10,560]), 
and a partial calculation of the " Filling up " of a large triangle, 
the angular points of which are supposed to have been determined 
by the methods of Geodedc Surveying. They should be well 




* Capt. Fkome, in his " Trjgonoraelrical Snrvey," from which this emmple 
has been condensed, remarte, " It may, perhaps, be thought thai loo much streei 
is laid vnfarmi ; but method is a most esseiiciaS part of an nndertetEiug of magni- 
tude! anil without excellent preliminary avraneementa to enBiire uniformity iti 
iill 111 e moBt trifling details, the work never could go on creditably." 
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1700 







1580 


«4 




1420 


40 
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A 


tol) 
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A 






A 






i 




M 


3296 







3275 


54 




3120 


62 




2940 


»6 




257-2 


60 





C 






A 






g5 




100 


4S0 




62 


3890 




42 


3730 




( 


3540 


(1 




3420 


30 








72 


2484 


S 


40 


2332 




6( 


2206 




( 


'2056 


II 




18115 


40 




1550 


50 


X 


1442 





JVoraD 


A 

D 


toC. 



Ie the above specimen of a field-book, (which resembles that on 
page 85), a]l offiiets, except those having relation to the boundary 
lines, are purposely omitted, to prevent confusion, the example 
being given solely to illustrate the method of calculating tbcae 
larger divisions. Rough diagrams are drawn hi the field-book not 
to any scale, but merely bearing some sort of resemblance to the 
lines measured on the ground, for the purpose of showing, at any 
period of the work, their directions and how they are to be connect- 
ed ; and also of eventually assisting in laying down the diagram 
and content plat. On these rough diagrams are written the dis- 
tinctive letters by which each line is marked in tbe field-book, and also 
its lengtii, and the distences between points marked upon it, from 
which other measurements branch off to connect the interior por- 
tions of the district surveyed, 

(134) CalcnlationSi The calculation of one of the figures, £Cj 
is ^ven below in detail. It ia composed of the triangle DPQ, wiiJi 
oflfeets along the sides PQ ; and of tlie triangle DWX, with oflSeta 
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along the sides PW and WX. From the content thus obtained 
must be subtracted the offsets on PQ, belonging to the figure IL, 
and those on WX belon^g to the figure US- When the offsets 
are tmngles, (right angled, of course), the base and perpendicular 
are put down as two sides ; when they are trapezoids, tbe two 
parallel sides and the distance between them occupy the columns 
of" sides." 



TRIANGLE 
TRAPEZOID. 



DPQ 
PQ 



DWX 
PW 



50 174 

50 30 



Total Svhtractivet, 
Toted Additives, 

I I I 

IHfference, | 



CONTENT 



CHAINS, 



86.2650 

.6600 
.3280 
.3240 



1.3020 
51.8339 
.4650 
.3192 
.4T84 
.1620 



.4360 
1.1680 
.0990 



1.1 



1.7020 

.3692 ) 
1.S466 } 
.2816 ) 



1.9 
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The other figures, comprised within the large triangle, are record- 
ed and calculated in a aimilar manner. An abridged re^ster of 
he results is ^ven below. 



DITISION. 


ADDITIVES. 


8UBTRACTIVE. 


DIFFEKENCE IN 
SQUARE CHAINS. 


. 1 


DNS ■ 
and offsete. 


DWX 

NUV 

and offsets. 


! 140.4893 


. j 


DNO 

and offsets. 


DPQ 

and offsets. 


j 100.1882 


. 1 


ANO 
and offsets. 


NRM 

and oflsets. 


j 103.9778 


■{ 


HTN 

NUV 

NEM 

and offsets. 


Offiiets. 


I 81.6307 


■ ! 


CNS 
and offsete. 


HTN 

and offsets. 


j 109.5064 


•t 


DPQ 
DWX 

and offsets. 


Oftets. 


j 137.1271 


Total, ------ 672.9195 



The accuracy of the preceding calculations of the separate figures 
must now be tested by comparing the sum of their areas with that 
of the large triangle ACD, which comprises them all. Their area 
must previously be increased by the offeets on the lines OS and CH, 
which had been deducted from H, and which amount respectively 
t« 3.5270 and 2.8690. The total areas will then equal 6T9.3155 
square chains. That of the triangle ACD is 679.5032 ; a differ- 
ence of less than a fifth of a square chain, or a fiftieth of an a«re ; 
or about one-fortieth of one per cent, on the total area. 

(131) The six lineSi In most cases, great or small, six fun- 
damental lines will need to be measured ; viz. four approximate 
boundary lines, for min g a quadrilateral, and its two diagonal. 
SmEdl triangles, to determine pronunent points, can be formed within 
and without these main Imea by the First Method, Art. (5), 
and the lesser irregularities can be determined by ofisets. 
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Fig. 78. 




ITrns, in the above figure, two straight lines AB and CD are 
measured through the entire length and breadth of the farm, or 
township, which is to be surveyed. The connecting hnes AC, OB, 
BD and DA are also measured, uniting the extremities of tiie 
first two lines. The last four lines thus form a quatlrilateral, which 
is (Urided into two triangles by one of the first measured lines, 
while the second serves as a proof-line. The distance from the 
intersection of the two diagonals to the extrenuties of each, being 
measured qn the ground and on the plat, afibrds an additional test. 

Other points of the district surveyed (as E, G, K., &c., in the 
figure,) are determined by measuring the distances from them to 
known points (as M, N, P, R, &c., in the figure) situated on some 
of the sis fundamental lines, tiius forming the triangles Tj T- 

The intersection of the main diagonals, and ailso the intersec- 
tions of the various minor lines with- the maia lines and with each 
other, should all be carefully noted, as additional checks when the 
work conies to be platted. 
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The larger figures are determined first, and the smaller ones 
based upon them, in Ewjcordaace with ibis important principle in 
all surveying operations, always to work from the whole fei the 
parts, and from greater to less. The unavoidable inaccuracies are 
thus subdivided and dinunished. The opposite course would accu- 
mulate and magnify them. 

These additional lines, which form seoondary triangles, should 
be BO chosen and ranged as to pass through and near as many ob- 
jects as possible, in order to require as few and as short ofiseta as 
the position of the lines will permit ; the smaller irregularities bemg 
determined by offsets as usual. It is better to measure too many 
lines than too few, and to establish unnecessary " false stations," 
rather than not to have enough, 



(1$2) Exceptional cases> The preceding arrangement of lines, 
though in most cases the best, may sometimes be varied with ad- 
vantage. Unless the farm surveyed be of a shape nearly as broad 
as long, the two diagonals will cross each other obhquely, instead 
of nearly at right angles, a 



When the farm is much 
longer than it is wide, two 
systems, of six lines each, 
may be used with much 
advantage, as in Fig. 79. 
Several such may be com- 
bined when necessary. 



In a case like that in Kg. 
80, five lines will be better 
than six, and will tie one an- 
other together, their pointe of 
intersection being carefully 
noted. 



Fig. 79. 
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In the farm represented in (L 
Fig. 81, the system of lines 
there shown is the best, and \^. 
they will also tie one another. 



(133) Much difficulty will often be found in ran^g and mear 
suring the long lines required hy this method in extenave surveys. 
Various contrivances for overcoming the obstacles which may be 
met with, will be expljuned in the following chapter. It will oft«n 
be convenient to measure the minor lines along roads, lanes, 
paths, &e., although they may hot lie in the most desirable direc- 
tions. Steeples, chimneys, remarkable trees, and other objects of 
that chara^jter, may often be sighted to, and the line measured to- 
wards them, with much saving of time and labor. The point where 
the measured lines cross one another should always be noted, and 
they will thus form a very complete series of tie-hnes.' 

A view of the district to be surveyed, taken from some elevated 
position, will be of much assiatanee in planning the general direc- 
tion of the lines to be measured. 



(134) Inaccessible Areas. 

A combination of offsets and 
tie-lines supplies an easy me- 
thod of surveying an m 
Bible area, such as a 
swamp, forestj block o: 
&c., as appears from the fi- 
gure ; in which external bound- 
ing lines are teken at will and 




;i poiDt of ii 



ction of Iheae lines, which ai 



le of the lines and sights 
same on tlie second line ; by signs they direct, to 
third person, who holds a rod, till he is placed i 
their interaectioQ, on the principle of Ait. (11). 



point on It 1 a second does t 
i"ht or left, the movements o 
I both of the lines and thos 
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measured, and tied by "tie-lines'" measured between these linea, 
prolonged when necessary, as in Art. (Ifll), while oJfeets from 
them determine the irregularities of the actual bomidaries of the 
pond, &c. 

These offsets are insets, and their content is, of course, to be 
subtracted from the content of the principal figure. 

Even a circular field might thus be approximately measured from 
the outside. 

K the shape of the field admits of Fig. 83. 

it, it will be preferable to measi 
four lines about the field in such 
directions as to enclose it in a reefr- < 
angle, and to measure oflaets from the 
ddes of this to the angles of the 
fieU. 

(135) When one of the lines with which 
an inaccessible field is surrounded, as in 
the last two figures, cuts a comer of the 
field, as in Fig. 84, the triangle ABC is 
to be deducted from the content of the 
enclosing figure, and the triangle CDE 
added to it. The triangle DEP 
to be added, and the triangle FGH de- 
ducted. To do this directly, it would be 
necessary to find the points of intersection 
C and E. But this may be difficult, and 
can be dispensed with by obtaining the 
difference of each pair of triangles. The 
difference of ABC and CDE will be ob- 
tained at once by multiplying the differ- 
ence of the offsets AB and DE by half of BE ; and the difference 
of DEF and FGH by multiplying the difference of DE and GH 
by half of EG.' 
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(136) Roads. A winding Eoad may also be surveyed tkua, aa 
ia shown in Kg. 85 ; straight lines being measured in the road, 
Fig. 83. 




their changes in direction determined by tie-lines, tying one line to 
the preceding one prolonged, as explained in Chapter IE, of this 
Part, and points in the road-fences, on each side of these straight 
lines, being det«rmined by oflsets, 

A River may also be supposed to be represented by the above 
winding lines ; and the lower set of lines, tied to one another as 
before, and with ofisets from them to the water's edge, will be suf- 
ficient for making an accurate survey of one side of the river. 

(137) Towns. A town could be surveyed and mapped in the 
same rhanner, by measuring straight lines through all the streets, 
determining their angles by tie-lines, and taking offeets from them 
to the blocks of houses. 
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CHAPTER V. 



OBSTACLES TO MEASPREMEST IJf CHAW SPRFE¥!NG. 

(138) In the practice of the various methods of surveying which 
have been explained, the hills and valleys which are to be crossed, 
the sheets of water which are to be passed over, the woods and 
houses which are to be gone through — all these form obstacles to 
the measurement of the necessary lines which are to jom certain 
points, or to he prolonged in the same direction. Many special 
precautions and contrivances are, therefore, rendered necessary ; 
and the best methods to be employed, when the chain alone is to 
be used, will be ^ven in the present chapter. 

(139) The methods now to be given for overcoming the various 
obstacles met with in practice, constitute a Land-Geometry. 
Its problems are performed on the ground instead of on 
paper : its compasses are a chain fixed at one end and free to swing 
around with the other; its scale is the chain itself; and its ruler 
is the same chain stretched tight. Its advantages are that its sin- 
gle instrument, (or a substitute for it, such as a tape, a rope, &c.) 
can be found anywhere ; and its only auxiliaries are equally easy 
to obtain, being a few straight and slender rods, and a plumb-hue, 
for which a pebble suspended hy a thread is a sufficient substitute. 

Many of these problems require the employment of perpendicu- 
lar and parallel lines. For this reason we will commence witt this 
class of Problems. 

The Demonstrations of these problems will he placed in an Ap- 
pendix to this volume, which will be the most convenient arrange- 
ment for the two great classes of students of surveying ; those who 
wish merely the practice without the principles, and those who wish 
to secure both. 

The elegant " Theory of Transversals" will be an important ele- 
ment in some of these demonstrations. All of them will constitute 
excellent exercises for students. 
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PROBLEMS ON PERPENDICULARS/ 

Problem l> To erect a perpendtcalar at any foint of a line. 

(140) First Method. Let A be 
point at which a perpendicular to the line is 
to be set out. Measure off equal distances 
AB, AC, oh ea«h side of the point. Take , 
a portion of the chain not quite 1^ times as 
Iraig as AB or AC, fix one end of this at E, 
and describe an arc with the other end. 
Do tlie same from C, The intersection of these arcs will fix a point 
D. AD will be the perpendicular required. Repeat the operation 
on the other side of the line. If tiiat is impossible, repeat it on 
the side with a different length of chain. 





(141) Second Method. Measure off as be- 
fore, equal distances AB, AC, but each about 
only one-third of the chain. Fasten the ends 
of the chain with two pins at E and . Stretch ^~' 
it out on one side of the line and put a pin at the 
middle of it, D. Do the same on the other 
side of the line, and set a pin at E. Then is DE a perpendicular 
to BC. If it is impossible to perform the operation on both sides 
of the line, repeat it on tbe same side with a different length of 
chain, as shown by the hnes BF and CF in the figure, so as to get 
a second point. 



(143) Other Methods. All the methods to be given for the 
next problem may be applied to this. 



• Mauy of iheae methods woalil seldom be required in practice, but cases some- 
timee occur, as every EUFveyoF of much experience iu Field-work hae found to 
hia serions inconvenience, in whicli Bome pecaliarily of the local circamstances 
forbids any of the nsual methods being applied. In anch caaea ihe collection here 
given will be found of great value. 

In all the figures, the given and measured lines are drawn with fine full lines , 
the visual lines, or lines of sight, with broken lines, and the lines of the result 
with heavy full lines. The points which are centres around which the chain is 
«WQng, are enclosed in circles. The alphabetical order of the letters attached to 
the points shows in what order ihey are taken. 
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Froblem 2. To erect a perpendicular to a line at a given point, 
when the point i» at or near Uie end of the line. 

(143) First Method. Measure 
40 links along the line. Let one as- 
sistant hold one end of the chain at 
that point; let a second hold the 20 
link mark which ia nearest the other 
end, at the given point A., and let a 
third take the 50 link mark, and 
tighten the chain, drawmg equally on both portions of it. Then 
will the 50 link mark be in the perpendicular desired. Repeat 
the operation on the other side of the line so as to test the work. 

The above nurahera are the most easily remembered, but the 
longer the lines measured the better ; and nearly the whole chain 
may be used, thus : Fix down the 36th link from one end at A, 
and the 4th link from the same end on the line at B, Fix the 
other end of the chain also at B, Take the 40th link mark from 
this last end, and draw the chain tight, and this mark will be in 
the perpendicular desired. The sides of the triangle formed by 
the chain will he 24, S2 and 40. 



(141) Otherwise : using a 50 feet 
tape, hold the 16 feet mark at A ; 
hold the 48 feet mark and the ring- 
end of the tape together on the line ; 
take the 28 feet mark of the tape, and 
draw it tight ; then will the 28 feet 
mark be in the perpendicular desired. 



(115) Second Method. Hold one end 
of the chain at A and fix the other end at a 
point B, taken at will. Swing the chain 
around E as a centre, till it again meets the 
line at C, Then carry the same end around 
(the other end remaining at B) till it comes 
in the line of CB at D, AD is the perpen- 
dicular required. 
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(U6) Third Method. Let A be the ^Ten 
point. Choose any point B. Measure EA. 
Set off, on the ^ven line, AC = AB. On CB 

produced set off from C, a distance = 

This will fix the point D, and AD will be the 

perpendicular required. 

(147) Fourth Method. From the 
^ven point A set off on the ^ven hne 
any distance AB. From B, in any 
convenient direction, set off BC = AB, 
Then on the ^ven line, set off AD = 

AC. On CE prolonged, set off CE = 

AD. Jom DE ; and on DE, from D, 
mil the line AF be perpendicular to the line AD at the point A. 

Froblent 3. To erect a perpendicular to an inaccessible line, 
at a given point of it. 
t 

(148) "First Method, Get points in the direction of the inac- 
cesMble line prolonged, and from them set out a parallel to the line, 
by methods which are given in Art. ((65), &e. Find by trial the 
point in which a perpendicular to this second line (and therefore to 
the first line) will pass through the required point. 

(149) Second Method. If the line is not only inaccessible, 
but cannot have its direction prolonged, the desired perpendicular 
can be obtained only by a complicated trigonometrical operation. 

Problem 4i To let fall a perpendicular from a givmpoint to 
a given line. 

(150) First Method. Let P be 
the ^ven point, and AE the ^ven 
line. Measure some distance, a chain 
or less, from C to P, and then fix one 
end of the chain at P, and swing it 
around till the same distance meets 
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the line at some point D. The middle point E of the distance CD 
will be the re((mred point, at wlueh the perpendicular from P 
would meet the line. 



(151) Second Melftod. Stretch a chain, or a portion of it, 
from the ^ven point P, to some point, as A,of the Fig. m. 

^ven line. Hold the end of the distance at A, 
and swing round the other end of the chain 
from P, so as to set off the same distance a 

the given hne from A to some point B. Mea- . Ar r B 

sure BP. Then will the distance BC from B to the fwt of the 

BP' 
desired perpendicular = 5-^5-. 



(152) Other Methods. All the methods given in the next 
problem can be applied to this one. 

Problem 5, To let fall a perpendicular to a line, from a point 
the end of the line. 



(153) First Method. Stretch a cham from the gven point P, 
tosomepoint, aa AjOfthegiveniine. Fixto Fig, 95. 

the ground the middle point B of the chain 
AP, and swing around the end which was at 
P, or at A, till it meets the given Ime in a 
point C, which will he the foot of the re- 
qoired perpendicular. 



(151) Second Method. Take any point, 
as A, on the ^ven line. Measure a dis- 
tance AB, Let the end of this distance 
on the chain be held at B, and swing around 
the end of the chain, till it comes in the 
line of AP at some point C, thus making BC = AB. Measure 
AC and AP. Then the ■distance.AD, from A to tlie foot of the 
APxA:!C; 




perpendicular required = 



2 AP 
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(155) Third Method. At any convement 
point, as A, of tho gjven line, erect a perpen- 
dicular, of any convenient length, as AB, and 
mack a point C on the given hne, in the line 
of P and B. Measure CA, CB and CP. 
Then the distance from C to the foot of the 

.. , . ^^ CAxCP 

perpendicular, i. e. CD = — j^ — . 



Problem 6. To let fall a perpendiadar to a line, from an 
inaecessible point. 



(156) Mrst Method. Let P be the ^vea 
point. At any point A, on the ^ven line, set out 
a perpendicular AB of any convement length. 
Prolong it on the other side of the line the 
same distance. Marjc on the ^ven line a 
point D in the hue of PE ; and a pomt E in 
the line of PC, Mark the point F at the in- 
tersection of DC and BE prolonged. The line 
FP is the line required, being perpendicular 
to the ^ven line at the point G. 



''•4 \ 

■ I 



(157) Second Method. Let A and B 
be two points of the ^ven line. From A 
let fall a perpendicular, AC, to the visual 
line BP ; and from B let fell a perpendi- 
cular, BD, to the visual hne AP. Find 
flie point at which these perpendiculars 
intersect, as at E (see Art. (1 33)), and the 
line PE, prolonged to F, will ^ve the 
perpendicular required. 




Problem 7t To let fall a perpendicular from a given point to 
!W inaceetsibU line. 
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(158) First Method. Let P be ^1^. loo. 
'Haa given point and AE the ^ven a--.:; 
line. By the preceding problem, let 

fell perpendiculars from A to BP, at ' X,_ "/t-i c 

C ; and from B to AP, at D ; the D<J/ 

line PE, passing from the given point P 

to the intersection of these perpendieulara, is the desu'ed perpendi- 
cular to the inaccessible line AB. 

This method will apply when only two points of the Ime are 
visible. 

(159) Second Method. Through the given point, set out, by 
the methods of Art, (165), &c., a line parallel to the inaccessible 
line. At the ^ven point erect a perpendicular to the parallel line, 
and it will be the reqmred perpendicular to the inaccessible line, 

PROBLEMS ON PARALLELS. 
Prohlem I . To run a line, from a given point, parallel to a 
given line. 

(160) First Method. Let fall a perpendicular from the point 
to the line. At another point of the line, aa far off as possible, 
erect a perpendicular, equal in length to the one just let fall. The 
line joimng the end of this line to the ^ven point will be the paral- 
lel required. 

(\W) SeeoTidMetUd. LetABbe Fig. loi. 

tiie ^ven Une, and P the given point. . 
Take any pomt, as C, on the given line, 
and from it set off equal distances, as 
long as possible, CD on the given line, 
and CB, on the line CP. Measure 
DE. From P set off PF = CE ; and from F, with a distance = 
DE, and from P, with a distance = CD, describe arcs intersect- 
ing in G. PG will be the parallel required. If it is more con- 
venient, PC may be prolonged, and -the equal triangle, CDE, be 
formed on the other side of the hne AE, 
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(162) TUrd Method. Measure from 
P to any point, as C, of the ^ven line, and a- 
put a mark at the middle point, D, of that 
line. From anj point, as E, of the given 
line, measure a line to the point D, and con- 
tinue it till DF = DE. Then will the line 
PF be parallel to AB. 





(163) Fourth Method. Measure from 
P to any point C, of the ^ven line, and 
continue the measurement till CD = CP. 
Prom D measure to any point E of the 
given line, and continue the measurement 
till EF = ED. Then will the line PF 
be parallel to AB, If more convenient, 
CD may be made one-half, or any other fraction, of CP, and EP 
be then made twice, &c., DE. 

(164) Fifth Method. From any ^ ^'S- '^*- 
point, as C, of the line, set off equal A.— 
distances along the line, to D and E. 
Take a point F, in the hne of PD. 
Stake out the lines FC and FE, and 
also the line EP, crossing the line OF 
in the point G. Lastly, prolong the line DG, till it meets the 
line EF in the point H. PH is the parallel required. 

Problem 2. To nm a line from a given point parallel to a» 
inateessible line. 



'"•'-^ 



(165) First Method. LetAB 
be the ^ven Ime, and P the given | 
point. Set a stake at C, in the li 
of PA, and another at any conven- 
ient point, D. Through P, set out, 
by the preceding problem, a parallel 
to DA, and set a stake at the point, 



"^P 



as E, where this parallel mtersects DC prolonged. Through E 
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set out a parallel to BT), and set a stake at the point I", where this 
parallel interaecta BO prolonged. PF is the parallel reqiured 

(166) Second Method. Set a sti 
at any point, C, in the line of AP, and 
another at any convenient place, as at D. 

Through P set out a parallel to AD, •, (p'--. \ 

interaecting CD in E. Through E set \~~~^--A '--^'D 

out a parallel to DB, intersecting CB in ■ ■ — 

F. The line PF will be the parallel re- 
quired. 

(167) Allncment and measurement, We are now prepared, 
having secured a variety of methods for setting out Perpendiculars 
and Parallels in every probable case, to take up the general sub- 
ject of overcoming Obstacles to Measurement. 

Before a line can be meaaured, its direction must be determined. 
This operation is called Ranging the line ; or Alining it ; or 
Boning it.' The word Alinement^ will be found very convenient 
for expressing the direction of a line on the 'ground, whether 
between two points, or in their direction prolonged. 

This branch of our subject naturally divides itself into two parts, 
the first of which is preliminary to the second ; viz ; 

I. Of Obstacles to Allnement ; or how to establish the direc- 
tion of a line in any situation. 

II. Of Obstacles to Measurement ; or how to find the length of 
a line whiefi cannot be actually measured. 

I. OBSTACLES TO ALINEMENT. 

(168) All the cases which can occur under this head, may be 
reduced to two ; via : 

A. To find points in a line beyond the given points, i. e. to 
prolong the line. 

B. To find points in a line between two given points of it, i. e. 
to interpolate points in the line. 

* This word, like many atUers used in Engin^eving, is deriveJ from a Freack 
wurd, Bomer, to marti out, ot Umit ; indicating that ike Norm&ns introduced tlia 
art of Surveying inlo Euglnnd. 

i Slightly modified from the French Alignement. 
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(169) By ran^i^ wilb rods. Wlten two points in a line axe 
^ven, and it is desired to ^'S- "*7.^ 

prolong the line bj ranging „ '^^^(g^^^^^^^^^%(^_. 

it out with rods, three per- ^ "^^^^^^^^^^^^^ 
sons are required, gmHi furnished with a sb-Mght slender rod, and 
with a plumb-line, or other means of keeping their rods vertical. 
One holds his rod at one of the given points, A, in the figure, and 
another at B. A third, C, goes forward as far as he can without 
losing sight of the first two rods, and then, looking back, puts him- 
self " in line " with A and B, i. e. so that -when his eje is placed 
at C, the rod at B hides or covers the rod at A. This he can do 
most accurately by holding a plumb-line before his eye, so that it 
shall cover the first two rods. The lower end of the plumb-bob 
will then indicate the point where the third rod should be placed ; 
and so with the rest. The first man, at A, is then signalled, and 
comes forward, passes both the others, and puts himself at D, " in 
hne" withC andB. The man at B, then goes on to E, and "IkieB" 
himself with D and C : and so they proceed, in this " hand over 
hand" operation, as far as is desired. Stakes are driven at each 
point in the hne, as soon as it is determined. 

(170) The rods should be perfectly straight, either cyUndrical or 
polygonal, and as slender as they can be without bending. They 
should he painted in alternate bands of red and white, each a foot 
or link, in length. Their lower ends should be pointed with iron, 
and a projecting bolt of iron will enable them to be pressed down 
by the foot into the earth, so that they can stand alone. When 
this is done, one man can range out a line. A rod can be set per- 
fectly vertical, hj holding a plumb-line before the eye at some dis- 
tance from the rod, and adjusting the rod so that the plumb-line 
covers it from top to bottom ; and then repeating the operation in 
a direction at right angles to the former. A stone dropped from 
top lo bottom of the rods will approximately attain the same end. 

When the lines to be ranged are long, and great accuracy is re- 
quired, tlie rods may have attached to them plates of tin with open- 
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inga cut out of them, ajid black horse-hairs stretched from Fig-ioa 
top to bottom of the openings. A small telescope must * 
then be used for ran^g these hairs in line. In a 
survey, straight twigs, with their tope split to recei^ 
per folded as in ^e figure, may be used. 



(171) By perpendlcniars. 

The straight Une, AB in the 
figure, is supposed to be stop- 



Fig, loa 

T 



ped by a tree, a house, or other obstacle, and it is desired to pro- 
long the line beyond this obstacle. From any two points, as A 
and B, of the line, set off (by some of the methods which have been 
given) equal perpendiculars, ACand BD,long enough to pass the 
obstacle. Prolong this hne beyond the obstacle, and from any two 
pomta in it, as E and F, measure the perpendiculars EG and 
FH, equal to the first two, but in a contrary direction. Then 
will G and H be two points in the line AB prolonged, which can 
be continued by the method of the last article. The points A 
and B should be taken as far apart as possible, as should also 
the points E and F. Three or more perpendiculars, on each 
side of the obstacle, may be set off, in order to increase the accu- 
racy of the operation. The same thing may also be done on the 
other side of Hie line, as another confirmation, or teat, of the accii- 
racy of the prolonged line. 



(1T2) By equilateral triangles. 

The ob^acles, noticed m the last arti- 
cle, may also be overcome by meana of 
three equilateral triangles, formed by 
the chain. Fix one end of the chain, 
and also the end of the first link from 
its other end, at B ; fix the end of the 
33d Imk at A ; take hold of the 66th 
link, and draw the cbuin tight, pulling equally on each part, and 
put a pin at the point thus found, C, in the figure. An equilateral 
triangle wiU thus be formed, each side bei^g 33 links. Prolong 
tiie Une AC, past the obstacle, to some point, as D. Make another 
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Let AB" be tJie line to be 

Fig. 111. 




equilateral triangle, DE J", as before, and thus fix the point F. Pro- 
long TiF, to a length equal to that of AD, anci thus fix a point G, 
At G form a third equilateral triangle GHK, and thua fix a point 
K, Then -^vill KG ^ve the direction of AB prolonged. 

(173) Rj symmetrical triangles. 

prolonged. Take any conve- 
nient point, aa C. Rangt 
out the line AC, to a point 
A', such that CA' = CA. 
Range out CB, so that CB' 
= CB. Range backw^ardB 
A'B', to some point D, such 
that DC prolonged will pass 
the obstacle. Fmd, by ranging, the intersection, at E, of DB and 
AC. From C, measure, on CA', the distance CE' — CE. Then 
range out DC and B'E' to their intellection in P, which will be a 
required point in the direction of AB prolonged. The symmetri- 
cal pomta are marked by corresponding letters. Several other 
points should be obtained in the same manner. 

In this, as in all similar operations, very acute intersections 
should be avoided as far aa possible. 

(174) By transTersals. LetABbe 
the ^ven line. Take any two points C 
and D, such diat the line CD will pass 
the obstacle. Take another point, E, 
in the intereection of CA and DB. 
Measure AE, AC, CD, BD and BE. 
Then the distance from D to P, a point 
in the required prolongation, m\\\ be 

CDxBDx AE 
BExAC— BDxAE' 
Other points in the prolongation may 
be obtained in the same manner, by 
merely moving the smgle point C, in the G 

line of EA ; in which case the new distances CA and CD mil 
alone require to be measured. 




Hosted by 



Google 



CHAIN SCRTETiniG. 



[PABT U. 



If AB be made ec[iial to AC, then is DP = ^^— bd "' 
If BE be made e<nial to ED, then is DP =^ aU— AE ' 

The minus sign in the denominators must be imderstood as only 
meaning that the difference of the two terms is to be taken, without 
regard to which is the greater. 



(175) By barmonic conjugates. 

Let AB be the ^ven line. Set a 
stake at any point C. Setatakes at 
points, D, on the line CA, and at 
E, on the line CB ; these points, 
D and E, being so chosen that the 
line DE will pass beyond the obsta- 
cle. Set a fourth stake, F, at the 
intersection of the Unes AE aad 
DB. Set a fifth stake, G, any- c 

where in the line CF ; a sixth stake, H, at the intersection of CB 
and DG prolonged ; and a seventh, K, at the intersection of CA 
and EG prolonged. Finally, range out the lines DE and KH, 
and their intersection at P, will be in the line AB prolonged. 




^ii^M 



e given 




(176) By Ibc complete quadrilateral. Let AB \ 
line. Take any conven- 
ient point C ; measure 1 
from it to B, and onward, 
in the same line prolong- 
ed, an ei^ual distance to D. 
Take any other conTenient 
point, E, such that CE and " 

DE produced wiU clear the obstacle. Measure from E to A, and 
onward, an eijual distance, to P. Range out the lines FC and DE 
to then- intersection in 6. Range out FD and CE to intei^ 
sect in H. Measure GH. Its middle point, P, is the required 
point in the Ime of AB prolonged. The unavoidable acute intei^ 
flections in this construction are objectionable. 
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B. TO IIVTERPOLATE POINTS IN A LINE. 
(177) The moat distant givea point of tlie line must be made 
as conspicuous as possible, by any efficient means, auch as placing 
there a staff, bearing a flag ; red and white, if seen agsunst 
woods, or other dark back-ground ; and red and green, if seen 
against the sky, 

A convenient and portable signal ia shown in the figure. 
Fig. 115. 




The figure represents a disc of tin, about six inches in diameter, 
pMnted wlute and lunged in the middle, to make it more portable. 
It ia kept open by the bar, B, being turned into the catch, C. 
A screw, S, holds the disc in a slit in the top of the pole. 

Another contrivance is a strip of tin, which has its ends bent 
horizontally in contrary directions. As the wind will take strong- 
est hold of the side which is concave towards it, the bent strip will 
continually revolve, and thus be very conspicuous. Its upper half 
should be painted red and its lower half white. 

A bright tin cone set on the staff, can he seen at a gi 
when the sun is ahiiung. 



178) Rangmg to a pomt, thus made conspicuous, is very sun- 
pie when the ground ia level. The surveyor places his eye at the 
nearest end of the line, or stands a little behind a rod placed on it, 
and by signs moves an assistant, holding a rod at some point as 
nearly in the deared line as he can guess, to the right or left, tall 
his rod appears to cover the distant point. 
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When a valley, or low spot, inter- 




(179) Across a valley. 

venes be ween the two ends 
of the line, A and Z in the 
figure, a rod held in the 
low place, aa at B, wonld = 
seldom be high enough t» 
be seen, from A, to cover 
the distant rod at Z. In " 

aueh a case, the surveyor at A should hold up a plumb-line over 
the point, at arm's length, and place his eye so that the plumb-line 
covers the rod at Z. He should then direct the rod held at B to 
be moved till it too is covered by the plumb-line. The point B is 
then said to be " m line" between A and Z. In geometrical lan- 
guage, B has now been placed in the vertical plane determined by 
the vertical plumb-line and the point Z. Any number of interme- 
diate points can thus be " interpolated," or placed in line between 
A and Z. 

(180) Over a hill. When a hill rises between two points and 
prevents one being seen from the other, as in the figure, (the upper 




of wliich shows the lull m ' Elev^tlon and the lower part in 
" Plan"), two observers B and C each boldmg a rod, may place 
themselves on the ndge, m the bne between the two points, as 
nearly as they can guess, and so that each can at once see the other 
and the point beyond him. B looks to Z, and by signals puts C 
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" in line." C then looks to A, and puts B in line at E'. 
peats his operation from B', putting at C, and is tl 
moved to B", and so they alternately " line" each other, conlmu- 
ally approximating to the straight line between A and Z, till they 
at last find themselves both exactly in it, at B'" and C". 

(181) A single person may put himself in line between two 
points, on the same principle, by laying a straight stick on some 
g to ea«h end of it in turn, and making it point suc- 
ia«h end of the line. The " Surveyor's Cross," Art. 
(104), is conveiuent for this purpose, when set up between the two 
given points, and moved again and again, until, by repeated trials, 
one of its slits sights to the given points when looked through in 
either direction. 



Fig. 118. 



(182) On water. A simple inatra- 
ment for the same object, is represented 
in the figure. AB and CD are two 
tubes, about 1^ inches in diameter, con- 
nected by a smaller tube EF. A piece 
of looking-glass, GH, is placed in the 
lower part of the tube AB, and another, 
KL, in the tube CD. The pltuies i 
the two mirrors are at right anj 
each other. The eye is placed at A, and 
the tube AB is directed to any distant 
object, aa X, and any other object be- 
hind the observer, as Z, will be seen, ap- s' 
parently under the first object in the mirror GH, by reflection from 
the mirror KL, when the observer has succeeded in getting in line 
between the two objects. M, N, are screws by which the mirror 
KL may be adjusted. The distance between the two tubes will 
cause a small parallax, which will, however, be insensible except 
when the two objects are near together. 
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^Vhen a wood interreiiea between 

Fig. 119. 



Been from the 

ether, as in the figure, in which A and Z are the ^ven points, pro- 
ceed thus. Hold a rod at some point B' as nearly in the desired 
line from A as can be guessed at, and aa far from A as possible. 
To approximate to the proper direction, an as»atant maj be sent to 
the other end of the line, and his shouts will indicate the direction ; 
or a gun may be fired there ; or, if very distant, a rocket may be 
sent up afler dark. Then range out the " random line " AE', by 
the method given in Art. (169), noting also the distance from A 
to ea«h point found, till you arrive at a poini Z', opposite to the 
point Z, i. e. at that point of the line from which a perpendicular 
there erected would strike the point Z. Measure Z'Z. Then 
move each of the stakes, perpendicularly from the line AZ', a dis- 
tance proportional to their distances from A. Thus, if AZ' be 
1000 links, and Z'Z be 10 links, then a stake B', 200 links from 
A, should be moved 2 links to a point B, which will be in the de- 
sired straight line AZ ; if C be 400 links from A, it should be 
moved 4 links to 0, and so with the rest. The line should then 
be cleared, and the accuracy of the position, of these stakes tested 
by ranging from A to Z. 

(184) To an invisible intersection. Let AB and CD be two 
lines, which, if prolong- ^'S- 120- 



either of them ; and let 

P be a point, from which 
a line is required to 
set out, tending ts this 
intersection. 

Set stakes at the five given points, A, B, C, D, P. Set a axth 
stake at E, in the alinements of AD and OP ; and a seventh stake 
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at F, in the aiinementa of BC and AP. Then set an eighth stake 
at G, in the alinemeEts of BE and DF. PG- will be the required 
line. 

Otherwise ; Through P range out a parallel to the line BD. 
Note the points where thia parallel meets AB and CD, and call 
these points Q and R. Then the distance from B, on the line BD, 
to a point which shall be in the required line nmiung from P to the 

mviaible pomt, will be = - qj. 

II. OBSTACLES TO MEASUREMENT. 

(185) The cases, in which the direct measurement of a line is 
prevented by various obstacles, may be reduced to three. 

A. When both ends of the line are aocess3>le, 
S. When one end of it is inaccessible. 
0. When both ends of it are inaccessible. 

1. WUBiV BOTH ENDS OP THE LINE ARE ACCESSIBLE. 

(186) By perpendiculars. On 

reaching the obstacle, as at A in 
the figure, set off a perpendicular, 

AB; turn a second right angle at B, 3 ' '^ 

and measure past the obstacle ; turn a third right angle at C ; and 
measure to the original line at D, Then will the measured dis- 
tance, BC, be equal to the desired distance, AD. 

If the direction of the line is also unknown, it will be most eaaly 
obtained by the additional perpendiculars shown in Kg. 109, of 
Art. (171). 



(181) By equilateral triangles. 

The method ^ven in Art. (172), for 
determining the direction of a line 
through an obstacle, will also give its 
length ; for m Pig. 121' (Pig. 110 re- 
peated) the desired distance AGia equal 
to the measured distances AD, or DG. 



Fig. lai'. 
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(188) Bj symmetrical triangles. 

Let AB be the distance required. 
Measure from A obliquely to some ^ 
point C, past the obstacle. Mea- 
sure onward, in the same line, till 
CD is as long as AC. Place stakes 
at C and D. From B measure to 
C, and from C measure onward, in 
the same line, till CE is equal to CB. 
be equal to AB, the distance required. 
CD and CE equal, respectively, 
AB be equal fo twice DE. 




Measure ED, and it will 

If more convenient, make 

half of AC and CB ; then will 



(189) By transTcrsals. Let 

AB be tie required distance. Set 
a stake, C, in the Ime prolonged ; 
set another stake, D, so that and 
B can be seen from it ; and a third 
stake, E, in the line of BD pro- 
longed, and at a distance from D 
equal to the distance from D to E. *" 

Set a fourth stake, F, at the intersection of EA and CD. Measure 

AC, AFandFE. Thenis AB = ~ (FE— AF). 




(190) In a Town. Cases may occur, \^ 
in the streets of a compactly built town, 
in which it is impossible to measure along 
any other lines than those of the streets. 
The figure represents such a case, in 
which is required the distance, AB, be- 
tween points situated on two streets which 
meet at the point C, and between which 
runs a "cross-street, DE. In this case 
measure AC, CE, CD, DE and CB. 
Then is th© reqmred distance 
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AB 



= ^ I ( AC — BC)= + [dE2 — (CE — CD)! 



lACxBC> 



J cdxceI 

Aa this expression is somewhat complicated, aa example will be 
giyen : Let AC = 100, CE = 40, CD = 30, DE = 21, and CE 
= 80; then will AB = 51.7. 



B. WHEN OiVE END OF THE LINE IS INACCESSIBLE. 

(191) By perpeodlcnlars. This principle fig. las. 
may be applied in a variety of ways. In Fig. 
125, let AB be the required distance. At the 
point A, set off AC, perpendicular to AB, and of 
any convenient length. At C, set off a perpen- 
dicular to CB, and continue it to a point, D, in 
the line of A and B, Measure DA. Then is 




(192) Otherwise : At the point A, in Fig. 
126, set off a perpendicular, AC. At C set 
off another perpendicular, CD, Find a point, 
E, in the line of AC, and BD, Measure AE 

, „„ rp. ■ A^ AE X CD 

£md EC. Then la AB= ^ — . 

If EC be made equal to AE, and D be set 
in the line of BE, and also in the perpendicular 
fiijm 0, then will CD be equal to AB. 

If E0 = 4 AE, then CD= ^AB. 

(19S) OlMrwiie: At A, in fig. 127, mea- 
sure a perpendicular, AC, to the line AB ; and 
at any point, as D, in this line, set off a perpen- 
dicular to DB, and continue it to a point E, in 
the line of CB. Measure DE and alao DA. 
AC X AD 




Then is AB = 



DE — AC 



Fig. 127. 
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(194) By parallels. From A measure 
AC, in any convenient direction. From a 
point D, in the line of BC, measure a line 
parallel to CA, to a point E, in the line of 
AB. Measure also AE, 

: AE 



Then ia AB = ^ 



-AC' 



(195) By a paraHelogram. Set a stake, C, 
in the line of A and E, and set another stake, D, 
wherever convenient. With a distance equal to 
CD, describe from A, an arc on the ground ; and, 
with a distance equal to AC, describe another 
arc from D, intersecting the first arc in E. Or, 1 
take AC and CD, so that together tl*ey make 
one chain ; fix the ends of the chain at A and D ; 
take hold of the chain at such a Unk, that one part of it equals AC, 
and the other CD, and draw it tight to fix the point E. Set a 
stake at E, in the intersection of AE and DB. Measure AF and 
AC X CD 




EF. Then is AB = 



EP 



; or, CB = 



EF 



(19«) By symmetrical triangles. ^'s- i^o- 

Let AB be the required distance. From 
A measure a line, in any convenient di- ^^fc 
reetion, as AC, and measure onward, in ^ 
the same direction, till CD = AC. Take 
any point E in the line of A and B, 
Measure from E to C, and onward in the 
same line, till CF = CE. Then find b 
trial a point G, which shall be at i 
same time in the line of C and B, a; 
the hne of D and F. Measure the distance from G to D, i 
will be equal to the required distance from A to E. If mori 
venient, make CD = ^ AC, and CF = ^ CE, as shown b 
finely dotted lines in the figure. Then will DG = J AB. 
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(197) Otherwise : Prolong EA to Fig- 181. 

some point C. Range out any con- 
venient line CA', and measure CA' ^ 
OA. The triangle CA'B, is now to be 
reproduced in a symmetrical triangle, 
situated on the accessible ground, b^ 
For this object, take, on AC, some point 
D, and measure CD' = CD. Fmd the 
pokit E, at the intersection of AD' and A'D. Find the point F, 
at the intersection of A'B and CE. Lastly, find the point B', at 
the intersection of AF and CA'. Then will A'B' = AB. The 
symmetrical points have correspondmg letters affixed to them. 




(198) By transversals. Set a stake, C, 
in the alinement of BA; a second, D, at any 
convenient point ; a third, E, in the line CD; 
and a fourth, F, at the intersection of the 
alinemcnts of DA and EB. Measure AC, 
CE, ED, DF and FA. Then is 
C X AF X DE 



Fig. 133. 



AF 



; DE" 
in the middle of CD, (i 



If the point E be 
figure) then AB=^^A|. 

If the point F be taken in the middle of AD, then AB 
The minus signs must be interpreted 




CE — DE' 

in Art. (174). 



X (199) By harmonic division. Set 

stakes, C and D, on each side of A, and 

so that the three are ia the same straight 

line. Set a third stake at any point, E, 

of the line AB. Set a foui-th, F, at the 

intersection of CB and DE ; and a fifth, ,-•' "^" 

G, at the intersection of DB and CE. /,',--''' 

Set a sixth stake, H, at the intersection ' " 7 

ofABandFG. Measure AE and EH. TheniBAE = 



«~_v\0 
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(200) To an Inaccessible line. Tke Fig. 134.^ 

shortest distauce, CD, from a given point, ^ 
C, to an inaccessible straight line AB, is 
required. From C let fall a perpendicular 
to AB, by the method of Art. (158). \^ /^.^ 

Then set a stake at any point, E, on the 
line AC ; set a second, F, at the inter- 
sectioD of EB and CD ; a third, G, at c 

the intersection of AF and CB ; and a fourth, Hj at tlie intersec- 
tion of EG and CD. Measure CH and HF. Then is 

CHxCF. _ p-n_nTT PE+HB-.^ rT^- CHxCF 
'CH- 



CD=^ 



; or,CD = CH. 



ff, CD = 



' CH— HF ' ' ■ CH— HF ' " ' "-^ 2CH— CF 

Otherwise ; When the maccessible line is determined by the 
method of Art. (205) or (206), the distance from any point to it, 
can be at once measured to its symmetrical representative. 




(301) To an inaccessible intersection. When two lines (ae 
AB,CD,iii the figure) meet in a Fig- i3s. 

river, a building, or any other 

inaccessible point, the distance _^ 

from any point of either to their '\~\ ,^F^^^ 

intersection, DE, for example, 
may be found thus. From any 
point B, on one line, measure ^ 
BD, and continue it, till DF = DB. From any other point, G, 
of the former Ime, measure GD, and continue the hne till DH= GD. 
Continue HF to meet DC in some point K. Measure KD. KD 
mil be equal to the desired distance DE. 

BE can be found by measuring FK, which is equal to it. 

If DF and DH, be made respectively equsi to one-half, or one- 
third, &c., of DB and DG, then will KD and KF be respectively 
equal ia one-half or one-third, &c., of DE and BE. 
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C. WBEHi BOTH ENDS OF THE LINE ARiJ INACCGSSIBl^E. 

(202) By similar trlaDgles. Let AB ^"•6- 'se. 

be the inaeeesaible distance. Set a stake at 
any convenient point C, and find the distan- 
ces CA and CB, by any of the metbods just 
given. Set a second stake at any point, D, 
on tbe line CA. Measure 
, CB X CD 



CA 



DE. Then is AB -= 



from C, on the line CB, to some point E. Measure 
AG X DE 



CD 



If more convenient, measure CD in the 
contrary direction from tbe river, as in Fig. 
137, instead of towards it, and in other re- 



(20a) By parallels. Let AB be the in- 

aflcessible distance. From any point, as C, 
range out a parallel toAB, as in Art, (165), 
&c. Find the distance OA, by Art. (191), 
&c. Set a stake at tbe point E, tbe inter- 
section of CA and DB, and measure CE. 
CD X (AC — CE) 





fig 


137. 












^ 


ffl 


^ 


^ 


p 




^ 
/^ 


m 











TbenisAB = 




CE 



(201) By a parallelogram. Set 

a stake at any convenient point 0. 
Set stakes D and E, anywhere in 
the aUnementa CA and CB. With 
D as a centre, and a length of tbe 
chain equal to CE, describe an arc ; 
and with E as a centre, and a length 

of the chain equal to CD, describe another arc, intersecting the 
former one at P. A parallelogram, CDEF, will thus be formed. 
Set stakes at G and H, where the alinements DB and EA inter- 
sect tiie sides of this parallelogram. Measure CD, DF, GF, FH, 
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CD X DF X GH 



If CD = CE, then AB = 



FG X FH 



(2ii5) By symmelrlcal trianglesi Take anj convenient point, 
as C. Set stakes at two other ^'S- ^iO- 

points, D and D', in the same ■ 
line, and at equal distances 
from C. Take a point E, in 
the line of AD ; measure from 
it to C, and onward till CE' 
= CE. Take a point F in 
the line of BD ; measure from 
it to C, and onward till CF' = 
CF. Range out the lines AC / / ^''^l\ 

and E'D', and set a stake at , /^'' "^'\ 

their intersection, A'. Range Tt ~ " — " ^-A. 

out the lines EC and F'D', and set a stake at their intersection, 
B'. Measure A'B'. It will be equal to the desired diatance AB, 




(206) Otherwise: Take 
any convenient point, as C, 
and set off equal distances 
on each side of it, in the 
IiiieofCA,toDandD'. Set 
off the same distances from 
C, in the line of CB, to E and 
E'. Through C, set out a 
parallel to DE, or D'E', and 
set stakes at the points F 
and F' where this parallel 
intersects AE' and BD'. 
Range out the lines AD' and EF', and set a stake at their i 
section A', Kange out the lines BE' and DP, and set a sta! 
their intersection B'. Measure A'B', and it will he equal ti 
d^ired distance AB. 
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The easiest method of setting out the parallel in the ahove case, 
is to fix the middle of the chain at the point C, and its ends on the 
lines CD, CE' ; then carry the middle of the chain from C towards 
I", and mark the point to which it reaches ;. and repeat this on the 
other side of C, as shown hy the finely dotted lines in the figure. 

INACCESSIBLE AREAS 

(2t7) Triangles, la the case of a triangular field, ia which 
oae side cannot be measured, or determiaed by any of the methods 
just given, the two accessible sides may be prolonged to their full 
length, and an equal symmetrical triangle formed, all of whose sides 
can be measured. Thus in Kg. 102, page 103, if CDE be the 
original triangle, of which the side EC is inaccessible, DFP will be 
equal to it. But if this also be impossible, por- Fig.ua. 

tions of the sides may bemeasured,asAD,AE, B \""j^^—-i c 
ia the figure in the mar^, and also DE, and \^»' / 
the area of this triangle found by any of the d V^ — 7 ^ 
methods which have been ^ven. Then is the \ / 

desired area of the triangle ABC = area of \/ 

AB X AC A 



ADE 



AD X AE' 




(208) Qaadrilaterals. In the case *" g "3^ 
of a foar-sided field, whose sides cannot 
be measured, or prolonged, hat whose 
diagonals can be measured, the area 

r be obtained thus. Measure the '^^ 
' ? AC and ED ; and also the 
portions AE, EC, into which one of 
them is divided by the other. Calcu- 
late the area of the triangle BCE, by the preceding method or any 
of those heretofore given. Then the area of the auilnlateral 

ABCD = area of BCE X ^^ ^ ^^. 
BE X CE 

(209) Polygons. Methods for obtaming the areas of uiac- 
cessible fields of more than four sides, have been given in Arta. 
(101,) &c. 
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PART in. 

COMPASS SURVEYING; 

OR 

By the Third Method. 



AKCrLAR SURTEVINO Iff GBKERIL. 

(210) Angular Sua^eying determines the relative positions of 
points, and therefore of lines, on the Third pkinciple, as ex- 
plained in Art. (J), which should now be referred to. 

(211) ^Vhen the two lines which form an angle lie in the same 
horizontal or level plane, the angle is called a horizontal angle* 

When theae lines lie in a plane perpendicular to the former, the 
angle is called a vertical angle. 

AVhen one of the lines is horizontal and the other line from the 
eye of the observer passes above the former, and in the same ver- 
tical plane, the angle is called an angle of elevation. 

When the latter line passes below the horizontal line, and in the 
same vertical plane, the angle is cajled an angle of depression. 

"When the two lines which form an angle, lie in other planes 
wHch make oblique angles with each of the former planes, the 
angle is called an oblique angle. 

Horizontal angles are the only angles employed in common land 
surveying. 

' A plane is eaid lo be horizontal, or lend, when it is parallel to the sarfnce of 
standing water, or perpen<licular to a plumb.line. A line is borizontnl wbeo it 
liea in a hoiizotital plane. 
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(212) The angles between the directions of two lines, which it 
ia necessary to measure, may be obtained by a great variety of in- 
struments. All of them are in substance mere modifications of the 
very simple one which will now be described, and which any one 
Can make for himself. 




(213) Provide a circular piece of 
wood, and divide its circumference 
(by any of the methods of Geometri- 
cal Drafling) into three hundred and 
sixty equal parts, or " Degrees," and 
number them as in the figure. The 
divisions will be like those of a watch 
face, but six times as many. These 
divisions are termed graduations. 
The figure shows only every fifteenth 
one. In the centre of the circle, 
fix a needle, or eharp-pointed wire, and upon tliis fix a straight 
stick, or thin ruler placed edge-wise, (called an alidade), so that 
it may turn freely on this point and nearly touch the graduations 
of the circle. Fasten the circle on a stafii pomted at the other end, 
and long enough to bring the alidade to the height of the eyes. 
The instrument is now complete. It may be called a Goniometer, 
or Angle-measurer. 

(214) Now let it be required to measure ^'if- '*5. 
the angle between the lines AE and AC. Fix ^ 
the staff in the grmuid, so that its centre shall y^\ 
be exactly over the intersection of the two "^^^ §;i 
lines. Turn the alidade, so that it points, (as 
determined by sighting along it) to a rod, or 
other mark at B, a point on one of the fines, aod note what degree 
it covers, i. e. " The Readmg," Then, without disturbing the 
circle, turn the ahdade till it points to C, a point on the other line. 
Note the new reading. The difference of these readings, (in the 
figure, 45 degrees), is the difference in the directions of the two 
lines, or is the angle which one makes with the other. If the dia- 



'"C 
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tance from A to C be now measured, the point C is " detennined," 
mth respect to the points A and B, on the Third Principle. Any 
number of points may be thus determined. 

(215) Instead of the very simple and rude alidade, which has 
been supposed to be used, needles may he fixed on each end of the 
alidade ; or sights may be added, such as those described in Art. 
(106) 4 or a small straight tube may be used, one end being cover- 
ed with a piece of pasteboard in which a very small eye hole ia 
pierced, and threads, called " cross-hairs," being stretch- '''tJ- 1*6. 
ed across the other end of it, as in the figure ; so that (^ vp 
their intersection may ^ve a more precise hne for determinbg the 
direction of any point. 



(216) When a telescope is substituted for tiiis tube, and sup- 
ported in such a way that it can turn over, so as to look both back- 
wards and forwards, the instrument (witli various other additions, 
which however do not affect the principle), is called the 1 
Transit. 

With the addition of a level, and a vertical circle, for n 
vertical angles, the instrument becomes a Theodolite; in which, 
however, the telescope does not usually admit of being turned over. 



(217) The Comjiass differs from the instruments which have 
been described, in the following respect. They all measure the 
angle which one line makes with another. The compass measures 
the angle which each of these lines makes with a third line, viz : 
that shown by the magnetic needle, which always points (approxi- 



) in the same direction, i. e. North and South, 
in Gie Maffnetie Meridian. Thus, in the figure, the 
line AE makes an angle of 30 degrees with the line 
AN, and the line AC makes au angle of 75 de- 
grees with AN. The difference of these angles, 
or 45 degrees, is the angle which AC makes \ 
with AB, agreeing with the result obtained in 
Art (214). 



Fig. 147, 
N ff 
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(218) Survejing with the compass is, therefore, a less direct 
operation than surveying with the Transit or Theodolite. But as 
the use of the compass is much more rapid and easy (only one sight 
and reading at each station being necessary, instead of two, as in 
the former case), for this reason, as well as for ita smaller cost, it 
is the instrument most commonly employed in land surveying in 
this country, in spite of its imperfections and inaccuracies. 

As many may wish to learn " Surveying with the Compass," 
without being obliged to previously learn " Surveying with the 
Transit," (which properly, bemg more simple in principle, though 
less so in practice, should precede it, but which will be considered 
in Part IV), we will first take up Compass Sueteyins. 

(219) Angular Surveying in general, and therefore Compass 
Surveying, may employ either of the 3d, 4th and 5th methods of 
determimng the position of a point, given in Part I ; that is, any 
instrument which measures angles may be employed for Polar, 
IHanffular, or IHlinear Surveying. The first of these, Polar 
Surveying, is the one most commonly adopted for the compass, and 
is therefore the one which will be specially explained in this part. 

The same method, as employed with the Transit and Theodolite, 
win be explained in the following part. 

The 4th and 5th methods will be expired in the next two parts. 

(220) The method of Polar Surveying embraces two minor 
methods. The most usual one consists in going around the field 
with the instrument, setting it at each comer and measuring there 
the angle which each side makes with its neighbor, aa well as the 
length of each side. This method is caUed by the French tJie me- 
thod of Cheminement. It has no special name in English, but may 
be called (from the American verb. To progress), the Method of 
Progression. The other system, the Method of Radiation, con- 
sists in setting the instrument at one point, and thence measuring 
the direction and distance of each comer of the field, or other 
object. The corresponding name of what we have called Triangu- 
lar Surveying is the Met^d of Intersections ; since it determines 
points by ^e intereecfions of straight lines. 
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CHAPTER II. 

THE COMPASS. 

(221) The IVeedle. The moat essential part of the compass is 
tJie magnetic needle. It is a slender bar of steel, usually five or 
six inches long, strongly magnetized, and balanced on a pivot, ao 
that it may turn freely, and thus be enabled to continue pointing 
in the same direction (that of the " MagneUa Meridian," approxi- 
mately North and South) however much the " Compass Box," to 
which the pivot is attached, may be turned around. 

As it is important that the needle should move with the least 
possible friction, the pivot should be of the hardest steel ground to 
a very sharp point ; and in the centre of the needle, which is to 
rest on the pivot, should be inserted a cap of agate, or other hard 
material. Iridium for the pivot, and ruby for the cap, are still 
better. 

If the needle be balanced on its pivot before being magnetized, 
one end will sink, or " Dip," after the needle is magnetized. To 
bring it t<t a level, several coils of wire are wound around the nee- 
dle BQ that they can be slid along it, to adjuat the weight of its two 
ends and balance it more perfectly. 

The North end of the needle is usually cut into a more oma^ 
mental form than flie South end, for the sake of distinction. 

The principal requisites of a compass needle are, intensity of di- 
rective force and susceptibility. " Shear steel" was found by 
Capt. Kater to be the kind capable of receiving the greatest mag- 
netic force. The beat form is that of a rhomboid, Fig. I49. 
or lozenge, cut out in the middle, so as .to dimi- .ss^^S'''''''';^sma. 
nish the extent of surface in proportion to the ^^""^u"""^ 
mass, as it is the latter on which the directive force depends. Be- 
yond a certiun limit, say five inches, no additional power is gained 
by increasmg the length of the needle. On the contrary, longer 
ones are apt to have their strength diminished by several consecu- 
tive poles bemg formed. Short needles, made very hard, are 
therefore to be preferred. 
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The needle should not come to rest very quickly. If it does, it 
indicates either that it is weakly magnetized, or that the friction on 
the pivot is great. Its sensitiveness is indicated by the number of 
vibrations which it makes in a small space before coming tfi rest. 

A screw, with a milled head, on the under side of the plate 
which supports the pivot, is used to raise the needle off this pivot, 
when the instrument is carried about, to prevent the point being 
dulled by unnecessary Motion. 

(222) The Slffhts. Next after the needle, which gives the di- 
rection of the fixed line, whose angles with the lines to be survey- 
ed are to be measured, should be noticed the Sights, which show 
the directions of these last lines. At each end of a line passing 
through the pivot is placed a " Sight," consisting of an upright bar 
of brass, with openings in it of various forms ; usually either slits, 
with a circular aperture at their top and bottom* ; or of the form 
described in Art. (106) ; all these arrangements being intended to 
enable the line of sight to be directed to any desired object, with 
precision. 

(223) A Telescope which can move np and down in a vertical 
plane, i. e. a plun^g telescope, or one which can turn completely 
over, is sometimes substituted for the sights. It has the great 
advantage of ^ving more disthict vision at long distances, and of 
admitting of sights np and down very steep slopes. Its accuracy 
of vision is however rendered nugatory by the want of precision in 
the readings of the needle. If a telescope is applied to the com- 
pass, a graduated scale and index should also be added, thus cen- 
verting the compass into a "Transit." The Telescope will be 
found minutely described in Part IV, " Transit Surveying." 

(224) The divided circlt. We now hare the means of indi- 
cating the directions of the two lines whose angle is to be measur- 
ed. The number of degrees contained in it is to be read from a 
circle, divided into degrees, in the centre of which is fixed the 

* An inside and an oulsiJe view, or " Elevation," of such Bigbta, are given on 
each aide of the figure of the Oompaaa, on page 136. Il U itself drawn in " Miii- 
taiy Perapective. 
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pivot bearing the needle. The graduations are usually made to 
half a degree, and a quarter of a degree or less can then be " esti- 
mated." The pivot and needle are sunk in a circular box, so iiiat 
its top may be on a level with the needle. The graduations are 
usually made on the top of the surrounding rim of the box, but 
should also be continued down its inside circumference so that it may 
be easier to see with what division the ends of the needle coincide. 

The degrees are not numbel'ed consecutively from 0° around to 
360^ ; but run from 0° to 90^^, both ways from the two diametri- 
cally opposite points at which a line, passing through the slits in the 
middle of the sights, would meet the divided circle, 

The lettering of' the Surveyor's Compass has one important dif- 
ference from that of the Mariner's Compass. 

When we stand facing the North, the East is on our right hand, 
and the West on our left. The graduated card of the Mariner's 
which is fastened t« the needle, and turns with it, is 
i accordingly. But, in the Surveyor's compass, one of the 
points being marked N, or North, (or indicated by a fleur-de- 
lis,) and the opposite one S, or South, the 90-degree3-point on the 
right of tiiis line, as you stand at the S end and look towards the 
N, is marked W, or West ; and the left hand 90-degrees-point is 
marked E, or East. The reason of this will be seen when the 
method of using the compass comes to be explained in the following 
chapter. 



(225) The Points. In or- 
dinary land surveying, only four 
points of the compass have 
names, viz : North, South, East 
and West ; the direction of a 
line being described by the an- 
gle which it makes with a North ja^ i 
and South line, to its East or to \si*\ 
its West. But for nautical pui^ 
poses, the circle of the compass 
IB divided into 32 points, the 
names of which are shown ia 



Fig. 150.- 




Hosted by 



Google 



130 



COMPASS SDRTEYMTG. 



[PABT III. 



dia figure. Two rules embrace all the eases. 1° When the 
letters indicating two points are joined together, the point half way 
between the two is meant ; thus, N. E. is half way between North 
and East ; and N. N. B. is half way between North and Nortii 
East. 2° When the letters of two points are joined together 
with the intermediate word iy, it indicates tte point which comes 
next after the first, in gomg towards the second ; thus, N. by E, is 
the point which follows North in going towards the East ; S. E, iy 
S. is the next point from South East, going towards the South. 



(226) Eccentricity. The centre-pin, or pivot of the needle, 
ought to be exaetly in the centre of the graduated circle ; the nee- 
dle ought to be straight ; and the line of the sights ought to pass 
exactly through this centre and through the points of the circle. 
If this is not the case, there will be an error in every observation. 
This is called the error of eccentricity. 

When the maker of a compass is Jibout to fix the pivot in pla«e, 
he is in douht of two things ; whether the needle is perfectly straight, 
and whether the pivot is exactly in the cen- 
tre. In figures 151 and 152, both of these 
are represented as bemg e 
error. 

Firstly, to exaimne if the needle I 
straight. JFix the pivot temporarily, i 
that the ends of the needle may cut oppo- 
site degrees, i. e. degrees differing by 
ISO''. The condition of things at this 
stage of progre^, will be represented by 
Fig. 151. Then turn the compass-box 
half way around. The error will n 
doubled, as is shown by Fig. 152, in which / 
the former position of the needle is indi- 
cated by a dotted Ime.' Now bend the ^ 
needle, as in Fig. 153, till it cuts divi- 
sions midway between those cut by it in 



1. (105;. 



.mple of the fruitful m-inciole of Seoet 
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its present and in its former position 
This makes it certain that the neettle is 
straight, or that its two ends and its cen- 
tre lie in tiie same stridght line. 

Secondly, to put the pivot in the cen- 
tre. Move it till the straightened needle 
cuts opposite divisions. It is then certain 
that the direction of the needle passes 
through the centre. Turn the compass 
box one-quarter around, and if the needle does not then cut oppo- 
site divisions, move the pivot till it does. E«peat the operation in 
various positions of the box. It will he a sufficient test if it cuts 
the opposite divisions of 0°, 45"^ and 90°. 

To fix the sights precisely in line, draw a hair through their slits 
and move them till the hair passes over the points on the circle. 

The surveyor can also examine for himself, by the principle of 
Keveraion, whetiier ^e line of the sights passes through the centre 
or not. Sight to any very near object. Read off the number of 
degrees indicated by one end of the needle. Then turn the com- 
pass half around, and sight to the same object. If the two read- 
ings do not agree, there is an error of eccentricity, and the arith- 
metical mean, or half sum of the two readings is the correct one. 

Fig. IM. Fig. LIS. 




In Fig, 154, the line of sight AB is represented a 
one side of the centre, and the needle as pointing to 46°. In Fig. 
155, the compass is supposed to have been turned half around and 
tiie other end of the sights to be directed to the same object. 
Suppose that the needle would have pointed to 45°, if the line of 
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sight had passed through the centre. The needle will now point 
to 44°, the error bemg doubled by the reversion, and the true 
reading being the mean. 

This does not, however, make it certain that the line of the 
sights passes through the points, which can only be tested by the 
hair, as mentioned above. 

(227) Levels. On the compass plate are two small spirit levels. 
They consist of glass tubes, slightly curved upwards, and nearly 
filled with alcohol, leaving a bubble of air witlun them. They 
are so adjusted that when the babbles are in the centres of the 
tubes, the plat« of the compass shall be level. One of them lies in 
the direction of the sights, and the other at right angles to this 
direction. 

(228) Tangent Scald This is a convenient, thou^ not essen- 
tial, addition to the compass, for the purpose of measuring the 
slopes of ground, so that the proper allowance in chaining may be 
made. In the figure of the compass, page 126, may he seen, on 
the edge of the left baud sight, a small projection of brass with a 
hole through it. On the edge of the other sight are engraved 
lines numbered from 0° to 20°, the 0° bemg of the same height 
above the compass plate that the eye-hole is. To use this, set the 
compass at the bottom of a slope, and at the top set a signal of 
exactly the height of the eye-hole from the ground. Level the 
compass very carefully, particularly by the level which lies length- 
Ttise, and, with the eye at the eye-hole, look to the signal and note 
the number of the division on the ferther sight which is cut by the 
visual ray. That will be the angle of the slope ; the distances of 
the engraved lines from the 0*^ line being tangents (for the radius 
equal to the distance between the sights) of the angles correspond- 
ing to the numbers of the lines. 

(229) Vernier. The compass box is connected with flie plate, 
which carries it and the sights, so that it can turn around on this 
[date. This motion is ^ven to it by a screw, (called a slow-mo- 
tion, or Tangent screw), the head of which is the nearest one m 
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the figure on page 126. If two marks be made opposite to ea«h 
other, one on the projecting part of the compass box, and the other 
on the plate to which the sights are fastened, these marks will sepa^ 
rate when the slow-motion screw is turned- Their distance apart 
(in angular measurement, i. e. fractions of a circle), iu any posi- 
tion, is measured by a contrivance called a Vernier, which is the 
minutely divided arc of a circle seen between the left hand sight 
and the compass box. It will be better to defer explaining the 
mode of reading the vernier for the present, since it is rarely used 
with the compass, and an entire chapter will be given to it in Part 
IV. Its principle is similar to that of the Vernier Scale, described 
in Art. (5ft). Its applications in " Keld- work " will be noticed 
under that head. 

(2S0) Tllpod. The compass, like most surveying instruments, 
is usually supported on a Tripod, consisting of three legs, shod with 
iron, and so connected at top as to be movable in any direction. 
T^ere are many forms 

of these. Lightness ^S' "^- ^'S- ^"■ 

and stif&iess are the 
qualities desired. The 
most usual form is 
shewn in the figures 
of the Transit and the 
TheodoUte, at the be- 
ginning of Part IV. 
Of the two represent- 
ed in Figs. 156 and 
157, the first has the 
advantage of being ve- 
ry easily and cheaply 
made ; and the second 
that of being hght and 
yet capable of very firmly resisting horizontal torsion. 

The joints, by which the instrument is connected with the tripod, , 
are also various. Fig. 158 is the " Ball-and-socket joint," most 
usual in tiiis country. It takes its name from the ball, in which 
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Fig. 158. Fig. 159. Fig. 160 




te imnates the c e e I p die h h ent -s a corresponding cavity 
u der the compass jiate and the cket n which this hall turns. 
It -i Imits of mot on a y d recbon a d can be tightened or loos- 
ened hy tumin^ the pper 1 ilf of the hollow piece enclo^ng it, 
wh 1 8 re e 1 on tl lowe h-ilf F ^ 159 is caUed the " Shell- 
j nt I t the two shell shaped p eees encloang the ball are 
t j^htened by a tlinml ere F g If is " Gugnot'a joint." It 
consists of two cjhnde ■s pl-wie 1 at nght angles to each other, and 
tl ro gl tl e axes of which pa g bolts wh eh turn freely in the cylin- 
der and cin be ti^,! tened o loosened hy thumb-screws at their 
en i. The comi u it of tl e t vo motions which this joint permits, 
en I le tl e st ume t 1 ch t cimes to be placed in any desired 
pos to 11 s J nt m ch the most stable of the three. 

(231) Jacob 1 Staff \ s Je leg called a " Jacob's Staff," 
ha? mo a 1 anti^e a t s h^l ter to carry in the field, and can 
be ma le of any too 1 on the spot where t is to be used, thus say 
mg the expe se of a t pod in 1 th t ouble of ite transportatioii 
Its upper en 1 s fitted nto tl e !o er e 1 of a brass head which has , 
a ball and socket joint, and axis above. Its lower end should be 
shod with iron, and a spike running through it ia useful for pressing 
it into the ground with the foot. Of course it cannot be conven- 
iently used on frozen ground, or tin pavements. It may, however, 
be set before or behind the spot at which the angle is to be mear 
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BTired, provided that it is placed very precise) 
tion from that etatioQ to the one to which a s 



a the line of direc- 
t is to be taken. 



(232) The Prismatic Compass. The peenliarity of this instru- 
ment (often called Schmalcalder'a) ia that a glass triangular prism 
is substituted for one of the sights. Such a prism has this pecuhar 
property that at the same time, it can be seen through, so that a 
sight can be taken through it, and that its upper surface reflects 
hke a mirror, so that the numbers of the degrees immediately under 
it, can be read off at the same time that a sight to any object is 
taken. Another peculiarity, necessary for profiting by the last 
one, is, that the divided circle is not fixed, but is a card fastened 
to the needle and moving around with it, as in the Mariner's Com- 
pass. The minute description, which follows, is condensed from 



In the figure, A repre- 
sents the compass box, and 
B the card, which, being 
attached to the magnetic 
needle, moves as it moves, 
around the agate centre, 
a, on which it is suspend- 
ed. The circumference 
of the card is usually di- 
vided to J or ^ of a de- 
gree. C is a prism, which 
the observer looks through. 
The perpendicular thread 
of the sightr-vane, E, and 
the divisions on the card, appear together on looking through the 
prism, and the division with which the thread coincides, when the 
needle is at rest, is the " Bearing" of whatever object the thread 
may bisect, i. e. is the angle which the line of sight makes with the 
direction of the needle. The prism is mounted with a hinge joint, 
D. The sight-vane has a fine thread stretched along its opening. 
in the direction of its length, which is brought to bisect any object, 
by turning the box around horizontally. F is a mirror, made to 
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slide on or off tiie sight-vane, E ; and it maj be rev6rsed at jdea^ 
sure, that is, turned t'a«e downwards ; it can also he inclined at 
ajiy angle, by means of its joint, d ; and it will remain stationary 
on any part of the vane, by the friction of its slides. Its use is to 
reflect the image of an object to the eye of an observer when the 
object is much above or below the horizontal plane. The colored 
glasses represented at G, are intended for observing the sun. At 
e, is shown a spring, which being pressed by the finger at the time 
of observation, and then released, checks the vibrations of the card. 
Mid brings it more speedily to rest. A stop is likewise fixed to 
the other side of the box, by which the needle may be thrown off 
its centre. 

The method of using this instrument is very simple. First raise 
the prism in its socket, 5, until you obtain a distinct view of the 
divisions on the card. Then, standing over the point where the 
angles are to be taken, hold the instrument to the eye, and, looking 
through the slit, C, turn around till the thread in the sight-vane 
bisects one of the objects wh(«e bearing is required ; then by touch- 
ing the spring, e, bring the needle to rest, and the division on the 
card which coincides with the thread on the vane, will be the bear- 
ing of the object from the north or south points of the magnetic 
meridian. Then turn to any other object, and repeat the operar 
tion ; the difference between the bearing of this object and that of 
the former, will be the angular distance of the objects in question. 
Thus, suppose the former bearing to be 40° 30', and the latter 
10° 15', both east, or both west, 
from the north or south, the angle 
will be 30° 15'. The divisions are 
generally numbered 5°, 10°, 15°, 
&c. aronnd the circle to 360^. 

The figures on the compass card j 
are reversed, or written upside 
down, as in the figure (in which 
only every fifteenth degree is mark- 
ed), because they are agEwn re- 
versed by the prism. 
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(233) The prismatic compass is generally held in the hand, the 
bearing being caught, as it were, in passing ; but more accurate 
readings would of course be obtained if it rested on a support, such 
as a stake cut flat on its top. 

In tbe former mode, the needle never comes completely to rest, 
particularly in the wind. In such cases, observe the extreme di- 
visions between which the needle vibrates, and take their arith- 
metical mean, 

(331) Defects of compass. The compass is deficient in both 
precision and correctness.* 

The former defect arises from the indefiniteness of its mode of 
indicating the part of the circle to which it points. The point of 
the needle has considerable thickness ; it cannot quite touch the 
divided circle ; and these divisions are made only to whole or half 
degrees, though a fraction of a division may be estimated, or guessed 
at. The Vernier does not much better this, as we shall see when 
explaining its use. Now an maccuracy of one quarter of a degree 
in an angle, i. e. in the difference of the directions of two lines, 
causes them to separate from each other 5| inches at the end of 
100 feet ; at the end of 1000 feet nearly 4^ feet ; and at the end 
of a mile, 23 feet. A difference of only one-tenth of a degree, or 
six minutes, would produce a difference of 1| feet at the end of 
1000 feet ; and 9| feet at the distance of a mile. Such are the 
differences which may result from the want of precision in the in- 
dications of the compass. 

But a more serious defect is tbe want of correctness in the com- 
pass. Its not pointing exactly to the true north does not indeed 
affect the correctness of the angles measured by it. But it does not 
point in the same or in a parallel direction, during even the same 
day, but changes its direction between sunrise and noon nearly a 
quarter of a degree, as will be fiiUy explained in Chapter VIII. 
The effect of such a difference we have just seen. This direction 

• The student mnet not confound these two qnalitieB. To say that the aun ap- 
pears to rise in the eastern quarter of the heavens and tu set in the western, is 
tarrai, but not preciae. A watch with a. second hand indicates the time of day 
frecUily, bnt not always eorrtctly. Thi 
u j/recise, hM is not usually regarded a. 
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may also be greatly altered in a moment, -without the knowledge 
of the surveyor, by a piece of iron being brought near to the com- 
paas, or by some other local attraction, as will be noticed hereafter. 
This is the weak point in the compass. 

Notwithstanding these defects, the compass ia a very valuable 
instrument, from its simplicity, rapidity and converuence in use ; 
and though never precBe, and seldom correct, it ia generally not 
very wrong. 



CHAPTER III. 



THE FIELD WORK. 

(2S5) Taking Bearii^s. The " Bearing" of a line is tbe an- 
gle which it makes with the direction of the needle. Thus, in Kg. 
147, page 124, the angle NAE is the Bearing of the line AB, and 
NAC is the Bearing of AC. The Bearing and length of a line are 
named collectively the Course. 

To take the Bearing of any hue, set the compass exactly over 
any point of it by a plumb-line suspended from beneath the cen- 
tre of the compass, or, approximately, by dropping a stone. Level 
the compass by brining the air bubbles to the middle of the level 
tubes. Direct the sights to a rod held truly vertical, or " plumb," 
at another point of the Hne, the more distant the better. The two 
ends are usually taken. Sight to the lowest visible point of the 
rod. When the needle comes to rest, note what division on the 
circle it pornt? to ; taking the one indicated by the North end of 
the needle, if the North point on the circle is farthest from you, 
and vice versa. 

In reading the division to which one end of the needle points, 
the eye should be placed over the other end, to avoid the error 
which nnght result from the "parallax," or apparent change of 
place, of the end read from, when looked at obliquely. 
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Tlie bearing is read and recorded by noting between what letters 
the end of the needle comes, and to what number ; nammg, or 
writing down, firstly, that letter, N or S, which is at the 0^ point 
nearest to that end of the needle from wbich you are reading ; 
secondly, the number of degrees to which it points, and thirdly, 
the letter, E or W, of the 90° point which is nearest to the s; 
end of the needle. Thus, in 
directed along a line, (the North 
point of the compass bemg most 
distant from the observer), the 
North end of tbe needle was at the 
point A, the bearing of the line 
sighted on, would be North 45° 
East ; if the end of the needle was 
at B, the bearing would be Mast ; if 
at C, S. 30° E ; if at D, South; if 
atE, S. 60°W; if at P, West; if 
at (J, N. 60° W ; if at H, North. 

(2S6) We can now understand why W is on the right hand of 
the compass-bos, and E on the left. Let the direction from the 
centre of the compass to the point ^'S- 1^^- 

B in the figure, be required, and _ 

suppose the sights in the first place 
to be pointing in the direction of the 
needle, S N, and the North sight 
to be ahead. When the sights (and 
the circle to which they are fasten- 
ed) have been turned so as to point 
in the direction of B, the point of 
the circle marked E, will have come round to the North end of tl 
needle, (^Binee the -needle remains immovable,') and the reading will 
therefore be " East," aa it should be. The effect on the reading 
is the same as if the needle had moved to the left the same quantity 
which the sights have moved to the right, and the left side is there- 
fore properly marked " East," and vice versa. So, too, if the 
bearing of the line to be desired, half-way between North and 
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East, i. e. N, 45° E. ; when the sights and the circle have 
turned 45 degrees to the right, the needle, really sianding still, 
has apparently arrived at the point half-way between N. and E., 
i. e. N. 45° E. 

Some surveyors' compasses are marked the reverse of this, the 
E on the right and the W on the leff. These letters must then be 
reversed in the mind before the bearing is not«d down. 

(237) Reading with Vernier. When the needle does not point 
precisely to one of the division marks on the circle, the fractional 
part of the smallest space is usually estimated by the eye, as has 
been explained. But this fractional part may be measured by the 
Vermer, described in Art, (229)j as follows. Suppose the needle 
to point between N. 81° E. and N. 31|° E. Turn the tangent 
screw, which moves the compass-box, tiU the smaller division (in 
this case 31°) has come round to the needle. The Vernier will 
then indicate through what space the compass-box has moved, and 

; how much must be added to the reading of the needle. 
B it indicates 10 minutes of a degree. Then the bearing is 
N. 31° 10' E. It is, however, so difBcult to move the Vernier 
without disturbing the whole instrument, that this is seldom resorted 
to in practice. The chief use of the Vernier is to set the instru- 
ment for running lines and making an allowance for the variation 
of the needle, as will be esplamed in the proper place. A Vernier- 
A Vernier arc ia sometimes attached to one end of the needle 
and carried around by it. 

(238) Practical Hints. Mark every station, or spot, at which 
the compass is set, by driving a stake, or digging up a sod, or piling 
up stones, or otherwise, so that it can be found if any error, or other 
cause, makes it necessary to repeat the survey. 

Very often when the line of which the bearing is required, is a 
fence, &c,, the compass cannot be set upon it. In such cases, set 
the compass so that its centre is a foot or two from the line, and 
set the flag-staff at precisely the same distance from the line at the 
other end of it. The bearing of the flag-stafi' from the compass 
will be the same as that of the fence, the two hnes being parallel. 
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The distances should be measured ou the real line. If more con- 
venient tie compass may be set at some point on the line prolong- 
ed, or at some intermediate point of the line, " in line " between its 
extremities. 

In setting the compass level, it is more important to have it level 
crossways of the sights than in their durection ; since if it be not so, 
on looking up or down hill through the upper part of one sight and 
the lower part of the other, the line of sight will not be parallel to 
the N and S, or zero line, on the compass, and an incorrect beai^ 
ing will therefore be obtained. 

The compass should not be levelled bj the needle, as some books 
recommend, i. e. so levelled that the ends of the needle shall be at 
equal distances below the glass. The needle should be brought so 
originally by the maker, but if so adjusted in the morning, it will 
not be so at noon, owing to the daily variation in the dip. If 
then the compass be levelled by it, the lines of sight will generally 
be more or less obhque, and therefore erroneous. If the needle 
touches the glass, when the compass ia levelled, balance it by slid- 
ing the coil of wire along it. 

The same end of the compass should always go ahead. The 
North end is preferable. The South end will then be nearest t9 
the observer. Attention to this and to the caution in the nest 
paragraph, will prevent any confusion in the bearings. 

Always take the readings from the same end of the needle ; 
from the North end, if the North end of the compass goes aliead ; 
and viee versa. This is necessary, because the two ends will not 
always cut opposite degrees. With this precaution, however, the 
angle of two meeting lines can be obtained correctly from either 
end, provided the same one is used in taking the bearings of both 
the hues. 

Guard against a very frequent source Fig. 16&. 

of error with be^nners, in reading from 
the wrong number of the two between 
which the needle points, such as reading 
34° for 26"^, in a case like that in the 
figure. 
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Check tie vibrations of the neeclle by gently raismg it off the 
•pivtA so as to toTic-n tlie g\as3, and letting it do-wn again, \>j ftie screw 
on the Tincler side of the box. 

The eompasa should be smartly tapped after the needle has 
settled, to destroy the effect of any adhesion to the pivot, or fric- 
tjon of dust upon it. 

All iron, such as the chain, &c., must be kept at a distance from 
the compass, or it will attract the needle, and cause it to deviate 
from its proper direction. 

The surveyor is sometimes troubled by the needle refuang to 
traverse and adhering to the glass of the compass, after he has 
briskly wiped this off with a silk handkerchief, or it has been car- 
ried so as to rub against his clothes. The cause is the electricity 
excited by the friction. It is at once discharged by applying a 
wet finger to the glass. 

A compass should be carried with its faee resting against the 
side of the surveyor, and one of the sights hooked over his arm. 

In distant surveys an extra centre pin should be carried, (as it 
is very liable to injury, and its perfection is most essential), and, 
also, an extra needle. When two such are carried, they should 
be placed so that the north pole of one rests against the south pole 
of the other. 

(239) When the magnetism of the needle is lessened or destroy- 
ed by time, it may be renewed as follows. Obtain two bar mag- 
nets. Provide a board with a hole to admit of the axis, so that its 
collar may fit fairly, and that the needle may rest flat on it, with- 
out bearing at the centre. Place the board before you, with the 
north end of the needle to your right. Take a magnet in each 
hand, the left holding the North end of the bar, or that which has 
the mark across, downwards ; and the right holding the same mark 
upwards. Bring the bars over the axis, about a foot above it, 
wifhoat approaching each other within two inches: — bring them 
down vertically on the needle, (the marks as directed) about 
an inch on each side of its axis ; slide them outwards to its ends 
with shght pressure ; raise them up ; bring them to their former 
position, and repeat this a number of times. 
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(240) Back Sights. To test the accuracy of the bearing of a 
line, taken at one end of it, set up the compass at the other end, 
or point sighted to, and look back to a rod held at the first station, 
or point where the compass had been placed originally. The read- 
ing of the needle should now be the same as before. 

If the position of the sights had been reversed, the reading 
would be the Meverse Bearing; a former bearing of N, 30° E. 
would then be S, 30° W., and so on. 

(311) Local attraction. If the Back-sight does not agree 
with the first or forward sight, this latter must be taken over again. 
If the same difference is again found, this shows that there is local 
attraction at one of tiie stations ; i. e. some influence, such as a 
mass of iron ore, ferru^nous rocks, &c., under the surface, which 
attracts £!ie needle, and makes it deviate from its usual direction. 
Any high object, such as a house, a tree, kc, has recently been 
found to produce a similar effect. 

To discover at which station the attraction exists, set the com- 
pass at several intermediate points in the line which joins tJie two 
stations, and at points in the line prolonged, and take the bearing 
of the line at each of these points. The agreement of several of 
these bearings, taken at distant pomts, will prove their correctness. 
Otherwise, set the compass at a tliird station ; sight to each of the 
two doubtful ones, and then from them back to this third station. 
This will show which is correct. 

When the difference occurs in a series of lines, such as aj:ouiid a 
field, or along a road, proceed ^'S- i^S- 

thus. Let C be the station at 
wliich the back-sight to B dif- - 
fers from the foresight from 
B to C. Since the back-sight from B to A is supposed to have 
agreed with the foresight from A to B, the local attraction must be 
at C, and the forward bearing must be corrected by the difference 
just found between the fore and hack sights, adding or subtracting 
it, according to circumstances. An easy method is to draw a 
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figure for the ease, aa in Yig. 167. In 
it, suppose the true bearing of BC, as 
given by a fore-sight from B to 0, to he 
K. 40° E., but that there is local at- 
traction at C, so that the needle is drawn 
amde 10°, and points in the direction 
S'N', instead of SN. The back-sight 
from to B will then ^ve a bearing 
of N. 50° E, ; a difference, or correc- ^® 

tion for the next fore-sight, of lO''. If the next fore-sight, from C 
to D, be N. 10° E, this 10° must be subtracted from it, maldng 
the true fore-sight N. 60° E. 

A general rule may also be given. When the haeksiglit is 
greater Uian ike foresight, as in this case, subtract the difference 
from the next fore-sight, if that course and the preceding one have 
both their letters the same (as m this case, both being N. and E.), 
or both their letters different ; or add the difference if either the 
first or last letters of the two courses are different. When the 
haeJosight is leas than the fore-siglit, add the difference in the case 
in which it has just been directed to subtract it, and subtract it 
where it was before directed to add it. 

(212) Angles of deflection. When the compass indicates 
much local attraction, the difference between (be directions of 
two meeting lines, (or the " angle of deflection " of one from the 
other), can still be correctly measured, by taking the difference of 
the bearmgs of the two lines, as observed at the same point. For, 
the error caused by the local attraction, whatever it may be, affecta 
both bearings equally, inasmuch as a "Bearing" is the angle 
which a Ime makes with the direction of the needle, and that here 
remains fixed in some one direction, no matter what, during the 
taking of the two bearings. Thus, in Fig, 167, let the true bear- 
ing of BC, i. e. the angle which it makes with the line SN, be, as 
before, N. 40° E,, and that of CD N. 60° E. The true " angle 
of deflection" of these lines, or tie angle B'CD,is therefore 20°. 
Now, if local attraction at C causes the needle to point in the direc- 
S'W, 10° to the left of its proper direction, EC will bear N. 50° 
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E., and CD N. 70= E., and the difference of these bearings, i. i 
the angle of deflection, ■will be the same as before. 



(243) Angles between Courses. To determine the angle of 
deflection of two courses meeting at any point, tiie following simple 
rules, the reasona of which will appear from the accompanying 
figures, are sufficient. 



Fig. 168. 



Oase 1. When the firat letters of the 
bearing are alike, (i, e, both N. or both 
S.), and the last letters also alike, (i. e. 
both E. or both W.), take the difference 
of the bearings. Example. If AE bears 'W- 
N. 30^ E. and BC bears N. 10° E.,the 
angle of defloctioE CBB' b 20°. 



Case 2. When the first letters are 
alike and the last letters different ; take 
the sum of the bearings. Ex. If AB 
bears N. 40° E. and BC bears N. 20° 
W. ; the angle CBB' is 60°. 



Ooie 3. When the first letters are 
different and the last letters alike, sub- 
tract the sum of the bearings from 180^^. 
Ex. If AB bears N. 30"= E. and BC 
bears S. 40° E.; the angle CBB'isllQo. 
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Case 4. When both the first and 
last letters are different, subtract the 
difference of the bearings from 180°. 
Ex. If AB bears S. 80° W. and BC w 
bears N. Y0° E. ; the angle CBB' is 
140°. 




I/^ ike angles included between the courses are desired, 
they will be at once found by reverang one bearing, and then ap- 
plying the above rules ; or by subtracting the results obtained as 
above froinl80° ; or an analogous set of rules could be formed 
for them. 



(244) To chaDge Bearings. It is convenient in certain cal- 
culations to suppose one of the lines of a survey to change its direc- 
tion so as to become due North and Soutii ; that is, to become a 
new Meridian line. It is then necessary to determine what the 
bearings of the other lines will be, supposing them to change with 
it. The subject may be made plain by supposmg the survey to be 
platted in the usual way, with the North uppermost, and the plat 
to be then turned around, till the line to be changed is in the de- 
sired direction. The effect of this on the other lines will be readily 
seen. A (if-eneral Mule can also be formed. 

Take the difference between the original bearing of the side 
which becomes a Meridian and each of those bearings which have 
both their letters the same as it, or both different from it. The 
changed bearings of these hues retain the same letters as before, if 
they were originally greater than the origioai bearing of the new Me- 
ridian line ; but, if they were less, they are thrown on the other side 
of the N. and S. line, and their last letters are changed ; E. being 
put for W. and W for E. 

Takc^the sum of the original bearing of the new Meridian hne, 
aiid;6ach of those bearings which have one letter the same as one 
letter of the former bearing, and one different. If this sum exceeds 
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90°, this shews (hat the line is thrown on the other side of the 
East or West point, and the difference between this sum and 180^ 
will be the new bearing and the first letter will be changed, N, 
being put for S. aod S. for N. 

Example, Let the Bearings of the sides of a field be as follows : 
N. 82° E. ; N. 80= E. ; S. 48° E. ; 8. IS^ W. ; N. 73^° W. ; 
North. Suppose the first side t« become due North ; the changed 
bearings will then be as follows : North ; N. 48° E. ; g. 80° E. ; 
S. 14° E. ; S. T4»° W. ; N. 32° W. 

To apply the rule to the " North" course, aa above, it must be 
called N. 0° W. ; and then by the Rule, 32= must be added to it. 

The true bearings can of course be obtained from the e 
bearings, by reversing the operation, taJdng the sum ii 
difference, and vice versa. 



(245) Line Surveying. This name may be given to surveys 
of lines, such as die windings of a brook, the curves of a road, &c. , 
by way of distinction from Farm Swmeying, in which the lines 
surveyed enclose a space. 

To survey a brook, or any similar line, set the compass at, or 
near, one end of it, and take the bearing of an imaginary or 
visual line, running in the general average direction of the brook, 




such aa AB in the figure. Measure this line, taking oKets to the 
various bends of the brook, as to the fence explained in Art.(115). 
Then set the compass at B, and take a back-sight to A, and if 
they agree, take a fore-sight (o C, and proceed as before, noting 
particularly the pointa where the line crosses the brook. 

To survey a road, take the bearings and lengths of the lines 
FiR. 173. 
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which can be most conveniently measured in the road, and mear 
sure ofeets on each side, to the outside of the road. 

When the line of a new road is surveyed, the bearings and 
lengths of the various portions of its intended centre line should be 
measured, and the distance which it runs through each man's land 
should be noted. Stones should be set in the ground at recorded 
distances from each angle of the line, or in each line prolonged a 
known distance, so as not to be disturbed in making the road. 

In surveying a wide river, one bank may be surveyed by the 
method just ^vcn, and points on the opposite banks, as trees, &c., 
may be fixed by the method of intersections, foimded on the Fourth 
Method of detennining the position of a point ; and fully explained 
in Part IV. 

(246) Checks by Intersectfi^ bearings. At eavh station at 
which the compass is set, take bearings to some remarkable object, 
such as a church steeple, a dbtant house, a high tree, &c. At 
least three bearings should he taken to each object to make it of 
any use : since two are necessary to determine it, (by our Fourth 
Method), and, till thus determined, it can be no check. When 
the line is platted, hj the methods to be explained in the next 
chapter, plat also the lines ^ven by these bearings. If those taken 
to the same object from three different stations, intersect in the 
same point, this proves that there has been no mistake in the sur- 
vey or platting of those stations. 

If any bearing does not intersect a point fixed by previous bear- 
ings, it shows that there has been an error, either between the last 
station and one of those which fixed the point, or in the last bear- 
ing to the point. To discover which it was, plat the following lint 
of the survey, and, at its extremity, set off the bearing from it to the 
point; and if the line thus platted passes through the point, it 
proves that there was no error in the line, but only in the bearing 
to the point. If otherwise, the error was somewhere in the line 
between the sianons from which the bearings to that point were 
taken. 
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(347) KeeplDg the FieM-DOteSi The Amplest and easiest 
method for a beginner is to make a rough sketch of the survey by 
eye, and write down on the linea their bearings and lengths. 

An improvement on this is to actually lay down the precise bear- 
ings and lengths of the lines in the field-book in the manner to be 
explained in the chapter on Platting, Art, (269)- 

(218) A second method is to draw a straight line up the page 
of the field-book, and to write on it the bearings and lengths of 
the lines. The only advantage of this method is that the line will 
not run off the side of the page, as it is apt to do in the preceding 
method. 

(249) A third method is to represent the line surveyed, by a 
double column, as m Part 11, Chapter I, Art, (95), which should 
be now referred to. The bearings are written obliquely up the 
columns. At the end of each course, its length is written in the 
column, and a line drawn across it. Dotted lines are drawn across 
the column at any intermediate measurement. Ofeets are noted 
as explained in Art. (114)- 

The iatersection-bearings, described in Art. (246), should be 
entered in the field-book before the bearings of the line, in order 
to avoid mistakes of platting, in setting off the measured distances 
on the wrong line. 

(250) A fourth method is to write the Stations, Bearings, and 
Distances in three columns. This is compact, and has the advan- 
tage, when applied to farm surveying, of presenting a form suitable 
for the subsequent calculations of Content, but does not ^ve facili- 
ties for noting ofeets. 

Examples of these four methods are given in Art. (254) ; which 
contains the field-notes of the lines bounding a field. 

(251) Jlew-Vork Canal Maps. The following is a description 
of the ori^al maps of the survey of the line of the New-York Erie 
Canal, as published by the Canal Commissioners. The figure 
represents a portion of such a map ; but, necessarily, with all its 
lines black ; red and blue lines being used on the real map. 



Hosted by 



Google 



COMPASS STBTErmC. 

Fig, 174. 




" The Red Line described along the inner edge of the towing 
patli is the iase line, upon wliich all the measurements in the direc- 
tion of the length of the canal were made. The learings refer to 
the magnetic meridian at the time of the survey. The lengths of 
the several portions are inserted at the end of ea<:h, in chains and 
lints. The offsets at each station are represented by red lines 
drawn across the canal in such a direction as to hiaeet the angles 
formed by the two contiguous portions of the red or base line, upon 
the towing path. The intermediate ofiaets are set off at right angles 
to the base Ime ; and the distances on both are ^von from it in 
links. The intermediate offsets are represented by red dotted lines, 
and the distances to them upon the base line are reckoned, in each 
case, from the last preceding station. The same ia likewise done 
with the otlier distances upon the base line ; those to the Bridges 
being taken to the lines joining the nearest angles, or corner posts 
of their abutments ; those to the Locks extending to the lines pass- 
ing through the centres of the two nearest quom posts ; and those 
to the Aqueducts, to the faces of their abutments. The space 
enclosed by the Blue Lises represents the portion embraeed with- 
in the linuts of the survey as belonging to the state ; and the names 
of the adjoining proprietors are given as they stood at the time of 
executing the survey. The distances are projected upon a scale 
of two chains to the inch." 

(252) Farm SurTCying. A farm, or field, or other space in- 
cluded within known lines, is usually surveyed by the compass 
thus. Be^ by walldng around the boundary hues, and setting 
stakes at all the comers, which the flag-man should specially note. 
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so that he may readily find them again. Then set the compass at 
any comer, and send the flag-man to the next comer. Take the 
bearing of the bounding line running from comer to comer, which 
is usually a fence. Measure its length, taking ofisets if necessary. 
Not« where any other fence, or road, or other line, crosses or meets 
it, and take their bearings. Take tfae compass to the end of this 
first bounding line ; sight back, and if the back-sight agrees, take 
the bearing and distance of the nest bounding line ; and so proceed 
till you have got back to the point of starting. 

(253) "Where speed is more important than accuracy in a sur- 
vey, whether of a line or a farm, the compass need be set only at 
every other station, taking a forward sight, from the 1st station to 
the 2d ; then setting the compass at the 3d station, taking a back- 
sight to the 2d station (but with the north point of the compass id- 
ways ahead), and. a fore-sight to the 4th; then going to the 5th, 
and so on- This is, however, not to be recommended. 

(35i) Ficld-BOtes. The Field-notes of a Farm survey nuy be 
kept by any of the methods which have been described with refer- 
ence to a Line survey. Below are given the Field-notes of the 
same field recorded by each of the i 
Mrst Method. 

Fig. 175. 
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Second 
Method. 

o(l) 



0(5) 



,0<4) 



0(3) 



0(2) 



0(1) 



Third 
letha 
■(1> 
3.23 



-(5)- 
1.64 



-f2- 



Fourth Method. 



STATIOHS. 


BEAKINOS. 


DISTANCES. 


1 

2 
3 
4 
5 


N. 35° E. 
N. SSJo E. 
S. 67° E. 
S. 34J°W. 
N.66J'W. 


2.70 
1.29 
2.22 
3.66 
3.23 



.(1). 



(255) The Field-notea of a field, in which offsets occur, may be 
most easily recorded by the Third Method ; as in Fig. 176. 

When the Field-notes are recorded by the Fourth Metiodj 
the offsets may he kept in a separate Table; in which the 1st 
column will contain the stations from which the measurements are 
made, the 2d column the distances at which they occur, the 3d 
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column the lengths of the o^ets, and the 4th column the side of 
the line, " Right," or " Left," on which they lie. 

For calculation, four more colurana may be added to the table, 
containing the intervals between the offsets ; the sums of the 
adjoining pairs ; and the products of the numbers in the two pre- 
ceding columna, separated into Eight and Left, one being additive 
to the field, and the other subtractive. 

(258) Tests of accnracy . 1st. The check of intersections de- 
scribed in Art. (246), may be employed to great advantage, when 
some conspicuous object near the centre of the form can be seen 
from most of its comers. 

2nd. When the survey is platted, if the last course meets the 
starting point, it proves the work, and the survey is then said to 
*' close." 

3d. Diagonal lines, running &om comer to comer of the farm, 
like the " Proof-Iinea" in ChEun Surveying, may be measured and 
their bearings taken. When these are laid down on the plat, their 
meeting the points to which they had been measured, proves the 
work. 

4th. The only certain and precise teat is, however, that by 
" Latitudes and Departures." This is fully explained in Chapter 
V, of this Part. 

(257) A very fallacious test is recommended by several writers 
on this subject. It is a well-known proposition of Geometry, that 
in any figure bounded by straight lines, the sum of all the interior 
angles is equal to twice as many right angles, as the figure has sides 
less two ; since the figure can be divided into that number of tri- 
angles. Hence this common rule. " Calculate [by the last parar 
graph of Art. (24S)] the interior angles of the field or farm sur- 
veyed ; add them together, and if their sum equals twice as many 
right angles as the figure has sides less two, the angles have been 
correctly measured." This rule is not applicable to a compass sur- 
vey ; for, in Fig. 167, page 144, the interior angle BCD mil con- 
tain the same number of degrees (in that case 160°) whether the 
bearings of the sides have been noted correctly, as being the 
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ai3gles which they make -witii NS — or incorrectly, as being the 
angles which they maie with N'S'. This rule would therefore 
prove the work in either case. 

(258) IHelhod of Radiation. A field may he surveyed from 
one station, either within it or without it, by taking the bearings and 
the distances from that point to each of the comers of the field. 
These comers are then " determined," by the 3d method, Art. (i). 
This modification of that method, we named, in Art. (220), the 
Method of Radiation. All our preceding surveys with the com- 
pass have been by the Method of Progreamn. 

The compass may be set at one comer of the field, or at a point 
in one of its sides, and the same method of Kadiation employed. 

This method is seldom used however, since, unlike the method 
of Progression, its operations are not checks upon each other. 

(259) Method of Intersection. A field may also be surveyed 
by measuring a ha«e line, either withiu it or without it, setting the 
compass at each end of the base line, and taking, Irom each end, 
the bearings of each comer of the field ; which will then be fixed 
and deteraiined, by the 4th method, Art. (8). This mode of sur 
vejing is the Method of Intersections, noticed in Art. (220). It 
will be fully treated of in Part V, under the title of Triangular 
SHireylng. 

(260) RuBBins ont old lines. The ori^al surveys of lands 
in the older States of the American Union, were exceedingly defi- 
cient in precision. This arose from two principal causes ; the small 
value of land at the period of these surveys, and the want of skill 
in the surveyors. The effect at the present day is frequent dissat- 
isfaction and Htigation. Lota sometimes contain more acres than 
they were sold for, and sometimes less. Lines which are stmght 
in the deed, and on the map, are found to he crooked on the 
ground. The recorded surveys of two adjoining farms often make 
one overlap the other, or leave a gore between them. The most 
difficult and delicate duty of the land-surveyor, is to ran out these 
old boundary lines. In such cases, his first business is to find 
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monumenta, stones, marked trees, stumps, or any other old " cor- 
ners," or landmarks. These are hia starting points. The owners 
whose lands join at these comers should agree on them. Old 
fences must generally be accepted by right of possession ; though 
such questions belong rather to tiie lawyer than to the surveyor.* 
His business is to mark out on the ground the lines given in the 
deed. When the bounds are given by compaas-bearmgs, the sui^ 
yeyor must be reminded that these bearings are very far from being 
the same now as originally, havmg been changing every year. 
The method of determining this important change, and of making 
the proper allowance, will be found m Chapter VHI, of this Part. 

(261) Town Surreying. Begin at the meethig of two or more 
of the principal streets, throu^ which you can have the longest 
prospects. Having fixed the instrument at that point, and taken 
the bearings of all the streets issuing from it, measure all these Imes 
with the chfun, taking ofisets to all the comers of streets, lanes, 
benduigs, or windings ; and to all remarkable objects, as churches, 
markets, public buildings, &c. Then remove the instrument to 
the next street, take its bearmgs, and measure along the street as 
before, taking ofiseta as yon go along, with the offset-staff. Proceed 
in this manner from street to street, measuring the distances and 
offsets as you proceed. 




* " In the description of land conveyed, the rule is, ihal; known and fised mon- 
umeutB control conrsee and distances. So, the certainty of metes and bounds will 
incluile and pass all the lands within them, thoagh they vary iroia the given 
quantity expreaaed in llie deed. In New-York, to remove, deface or alter land- 
iQiirks malicioaslyi is nu indictable offence." — Kfit'i Commentarifs, IV, 515. 
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Thus, in die figure, fix the instrument at A, and measure lines 
in the direction of all the streets meeting there, noting their bear- 
ings; tiienmeaaureAB, noting the streets at X,X. At the second 
station, B, take the bearings of all the streets which meet there ; 
and measure from B to C, noting the places and the bearings of 
all the cross-streets ae you pass them. Proceed in like manner 
from C to D, and from D to A, " closmg" there, as in a farm sur^ 
vey. Having thus surveyed all the principal streets in a particu- 
lar neighborhood, proceed then to survey the smaller intermediate 
streets, and last of all, the lanes, alleys, courts, yards, and every 
other place which it may be thought proper to represent in the 
plan. The several cross-streete answer as good check lines, to 
prove the accuracy of the work. In this manner you continue tUl 
you take in all the town or city, 

(262) Ohstacles 1b Compass Surveying:. The various obsta- 
cles which may be met with in Compass Surveying, such as woods, 
water, houses, &c., can be overcome much more easily than in 
Chain Surveying. But as some of the best methods for eflecting 
this involve principles which have not yet been fully developed, it 
will be better to postpone giving any of them, till they can be all 
treated of together ; which will be done in Part VII. 
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(363) The plattmg of a survey made with the compass, conBista 
in drawing on paper the lines and the angles which have been 
measured on the ground. The lines are drawn " to scale," as has 
been fully explained in Part I, Chapter III. The manner of plat^ 
ting angles was referred to in Art. (41), but its explanation has 
been reserved for this place. 



{264) With a Protractor. A Protractor is an instrument 
made for this object, and is usually a semicircle of brass, as in the 
figure, with its semi-circumference divided into 180 equal parts, or 




d numbered in both directions. It is, in fact, a minia- 
ture of the instrument, (or of half of it), with which the angles 
have been measured. To lay off any angle at any point of a 
straight line, place the Protraetor so that its straight side, the 
diameter of the semi-circle, is on the given line, and the middle of 
this diameter, which is marked by a notch, is at the given point. 
With a needle, or sharp pencil, make a mark on the paper at the 
required number of degrees, and draw a line from the niark to the 
given point. 
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Sometimes the protractor has an ann turning on its centre, and 
extending beyond its ciroumferenee, so that a line can be at once 
drawn by it when it ia set to the desired angle. A Vernier scale 
is sometimes added to it to hicrease its precision, 

A Rectangular Protractor is sometimes iised, the divisions of 

degrees being engraved along three edges of a plane scale. The 

semi-circular one is preferable. The objection to the rectangular 

protractor is that the division corresponding to a degree is very 

Fig. 179. 



t1 





unequal on different parts of the scale, being usually two or three 
times as great at its ends as at its middle. 

A Protractor embracing an entire circle, with arras carrying 
verniers, is also sometimes employed, for the sake of greater accu- 
racy. 



(265) Plaiting Bearing. Since "Bearings" taken with the 
Compass are the angles which the various lines make with the 
Magnetic Meridian, or the direction of the compass-needle, which, 
as we have seen, remams always (approximately) parallel to itself, 
it is necessary to draw these meridians through each station, before 
laying off the angles of the bearings. 

The T square, shown in Fig. 14, is the most convenient instru- 
ment for this purpose. The paper on which the plat is to be made 
is fastened on the board so that the intended direction of the 
North and South line may be parallel to one of the sides of the 
board. The inner side of the stock of the T square being pressed 
against one of the other sides of the board and slid along, the edge 
of the long blade of the square will always be parallel to itself and 
if> the first named side of the board, and will thus represent the 
meridian paasmg through any station, 
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If a Btraight-edged drawing 
hoard or table cannot be pro- 
cured, nail down on a table of 



ler, and slide along against it / 
the outside of the stock of a T / 
square, one side of the stock 
being flush with the blade. i 

A parallel ruler may also be 
i^ed, one part of it being 
screwed down to the board in 
the proper position. 

If none of these means are at hand, approximately parallel meri- 
dians may be drawn by the edges of a common ruler, at distances 
apart equal to ita width, and the diameter of the protractor made 
parallel to them by measuring equal distances between it and them. 




(266) To plat a survey with these instruments, mark, with a fine 
point enclosed in a circle, a convenient spot in the paper to repre- 
sent the first station, 1 in the figure. Its place must he so chosen 
Fig. 181. 
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that tie plat may not " run off" the paper. With tlie T square 
draw a meridiaa through it. The top of the paper is usually, 
though not necessarily, called North. With the protractor lay off 
the angle of liie first bearing, as directed in Art. (261). Set off 
the length of the first line, to the deared scale, by Art. (42), from 
1 to 2. The line 1 — 2 represents the first course. 

Through 2, draw another meridian, lay off the angle of the 
second course, and set off the length of this course, from 2 to 3. 

Proceed in like mamier for each course. When the last course is 
platted, it should end precisely at the starting point, as the survey 
did, if it were a closed survey, as of a field. If the plat does not 
" close," or " come together," it shows some error or inaccuracy 
either in the original survey, if that have not been " tested " by 
Latitudes and Departures, or in the work of platting, A method 
of correction is explained in Art. (288). The plat here ^ven is 
tbe same as that of Fig. 175, page 151. 

This manner of laying down the directions of lines, hj the angles 
which they make with a meridian line, has a great advantage, in 
both accuracy and rapidity, over the method of platting lines by 
the angles which each makes with the hne which comes before it. 
In the latter method, any error in the direction of one lino makes 
all that follow it also wrong in their directions. In the former, the 
direeUon of each line is independent of the preceding line, though 
iteposithn would be changed by a previous error. 

Instead of drawing a meridian through each station, sometimes 
only one is drawn, near the middle of the sheet, and all the bear- 
ings of the survey are laid off from some one point of it, as shown 
in the figure, and numbered to correspond with the stations from 
which these bearings were taken. The circular protractor is conve- 
nient for this. They are then transferred to the places where 
they are wanted, by a triangle or other parallel ruler, as explained 
on page 27. The figure at the top of the next page represents 
the same field platted by this method, 

A semi-circular protractor is sometimes attached to the stock 
end of the T square, so that its blade may he set at any desired 
an^e with the meridian, and any bearing be thus protracted with- 
out drawing a meridifut. It has some ineonvenienees. 
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(26J) The Compass itself may be used to plat bearings. For 
this purpose it must be attached to a square board so that the N 
and S line of the compass box may be parallel to two oppoMte 
edges of the board. This is placed on the paper, and tho box is 
turned till the needle points as it did when the first bearing was 
taken. Then a line drawn by one edge of the board will be in a 
proper du^ction. Mark off its length, and plat the next and the 
in the Sf 



" close," it may be 



(268) When the plat of a survey c 
corrected as follows. Let 
ABODE be the boundary 
lines platted according to 
the given bearings and ^ 

distances, and suppose that 
the last course comes to E, A<i<t, 
instead of ending at A, as \ 
it should. Suppose also 
that there is no reason to 
suspect any single great 

error, and that no one of the lines was measured OTer veiy r 
11 
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ground, or waa specially uncertain in its direction when observed. 
The inaccuracy must then be distributed among all the lines in 
proportion to their length. Each point in the figure, B, C, D,E, must 
be moved in a direction parallel to EA, by a certain distance which 
13 obtained thus. Multiply the distance EA by the distance AB, 
and divide by the sum of all the courses. The quotient will be the 
distance BB'. To get CC, multiply EA by AB + EC, and divide 
the product by the same sum of all the courses. To get DC, mul- 
tiply EA by AB + BC + CD, and divide as before. So for any 
course, multiply by the sum of the lengths of that course and of all 
those preceding it, and divide as before. Join the points thus 
obtained, and the closed polygon AB'C'D'A will thus be formed, 
and \Till be the rao&i probable plat of the ^ven survey." 

The method of Latitudes and Departures, to be explained here- 
after, is, however, the best for effecting this object. 

(289) Field Plaiting. It is sometimes desirable to plat the 
courses of a survey in the field, as soon as they are taken, as was 
mentioned in Art. (243), under the head of " Keeping the field- 
notes." One method of doing this is to have the paper of the 
Field-book ruled with parallel lines, at unequal distances apart, 
and to use a rectangular pro- pjg jg4. 

tractor (which may be made 
of Bristol-board, or other stout 
drawing paper,) with lines rul- 
ed across it at equal distances 
of some fraction of an inch. A 
bearing havmg been taken and 
noted, the protractor is laid on 
the paper and its centre placed at the station where the beaiing is 
to be laid oif. It is then turned till one of its cross-lines comcides 
with some one of the lines on Ihe paper, which represent East and 
West lines. The long side of, the protractor ^yill then be on a 
meridian and the proper angle (40° in the figure) can be at once 
marked ofi'. The length of the course can also be set off hy the 
equal spaces between the cross-lines, letting each space represent 
any convenient number of links. 

* This was deroonBtraled by Dr. Bowditch. in No. i, of " The AaaljM.' 
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(270) A common rectangular protractor without any cross-lines, 
or a semi-circular one, can also Fig.,i85. 

be used for the same purpose. 
The parallel lines on the paper 
(which, in this method, may 
be equi-distant, as in common 
ruled writing paper) will now 
represent meridians. Place 
the centre of the protractor 
on the meridian nearest to the 
station at which the angle is 
be laid off, and turn it till the ' 
given number of degrees is cut by the meridian. Slide the pro- 
tractor up or down the meridian (which must continue to pass 
through the centre and the proper degree) till its edge passes 
through the station, and then draw by this edge a line, which will 
have the bearing required. 




(271) Paper ruled into squares, (as are sometimes the right- 
hEbtid pages of surveyors' field-books), may be used for plattmg 
bearings in the field. The lines running up the page may be called 
North and South lines, and those running across the page will then 
be East and West lines. Any course of the survey will be the 
hypothenuse of a right-angled triangle, and the ratio of its other 
two sides wiU determine the r 
angle. Thus, if the ratio of 
the two sides of the riight-an- 
gled triangle , of which the line 
AB in the figure is the hypoth- 
enuse, is 1, that line makes an 
angle of 45° with the meridian. 
If the ratio of the long to the 
short side of the right-angled 
triangle of which the line AC 
is the hypothenuse, is 4 to 1, 
the lino AC makes an angle 



C B 

IP 



of 14° with the meridian. The line AD, the hypothenuse of aji 
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equal tr an^le wl cl 1 aa its long side lying East and West, makes 
likewise an angle ot 14° with that side, and therefore makes an 
angle of 76 w th the meridian. * 

To fa I tate the b of thia method, the following table has been 
prepared. 

TABLE FOK PLATTrfJG BY SQUARES. 






KbUo of 


|i 




-4 


'sSi 


I 




fa 


Rstlo of 
loogriOoto 


-4 


:< 












S 










1^ 


67 3 10 1 


890 


iii^ 


3.49 to 1 


tF 


31° 


1.664 to 1 


59° 


20 


28.6 to 1 


88° 




17° 


3.27 to I 


73° 




32° 


1.600 la 1 


58° 


3° 


I9.I to 1 


87° 




18° 


3.08 to 1 


72° 




33° 


1.540 to 1 


57° 


4° 


14.3 to 1 


86° 




19° 


2.90 10 1 


71° 




34° 


1.483 to 1 


66° 


50 


11.4 to I 


86° 




20° 


2.75 to 1 


70° 




35° 


1.428 to I 


66° 


6° 


9.6 to 1 


84° 




21° 


2.61 to 1 


69° 




36° 


1.376 to 1 


540 


70 


8.1 to 1 


83° 




22° 


2.48 to 1 


68° 




37° 


1.327 to 1 


63° 


8= 


7.1 to 1 


82° 




23° 


2.36 to 1 


67° 




38° 


1.280 to] 


62° 


90 


6.3 to 1 


81° 




24° 


2,26 to 1 


66° 




39° 


1.235 to 1 


61° 


lOo 


5.7 to 1 


80° 




26° 


2.14 to 1 


65° 




40° 


1.192 to 1 


50° 


no 


5.1 to 1 


79° 




26° 


2.06 to 1 


64° 




41° 


1.160 to 1 


49° 


120 


4.9 to 1 


78° 




27° 


1.96 to 1 


63° 




42° 


1.111 to 1 


48° 


130 


4.3 to 1 


77° 




28° 


1.88 6) 1 


62° 




43° 


1.072 to 1 


470 


140 


4.0 to 1 


76° 




29o|l.80tol 


61° 




440 


1.036 10 1 


46° 


150 


3.7 to 1 


750 




30°il.73 to 1 


60° 




45° 


1.000 to 1 


46° 



To use this table, find in it the ratio corresponding to the angie 
which you wish to plat. Then count, on the ruled paper, any 
number of squares to the right or to the left of the point which 
represents the station, according as your bearing was East or West ; 
and count upward or downward according as your bearing was Horth 
or South, the number of squares given by multiplying the first num- 
ber by the ratio of the Table. Thus ; if the given bearing from A 
in the figure, was N. 20^ E. and two squares were counted to tlie 
right, then 2 x 2.75 = 5^ squares, should be counted upward, to 
E, and AE wouldbe the required course. 

(272) With a paper protractor. Engraved paper protractors 

may be obtained from the instrument>-niakers, and are very conve- 

* Till' BniJ all thfi following iBlioa may he oblaiiied direwly from Tripmome- 
Itiml TbhlpK ! fnr the rntii> of Ibe long side lo the shovl «fiie, the latter hoing 
lak' ti na iinily, ia the Datiiral cotangent of the angle. 
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degrees from to 90° 


eacli 


as OE the compasa-plate. 


The 


Fig. 187. 






nient. A circle of large size, divided iuto degrees and quarters, 
is engraved on copper, and impressions from it are taken on draw- 
ing paper. The divisions are not numbered. Draw a straight line 
to represent a meridian, through tie centre of the circle, in any 
convement direction. Number 
way from the ends of this meridi 
protractor is now ready for 
use. Choose a convement 
point for the first station. 
Suppose the first bearing to 
be N. 30" E, The line pass- 
ing through the centre of the 
circle and through the oppo- 
site points N. 80° E. and S. 
30° W. has the -bearing re- j, 
quired. But it does not pass 
ttirough the station 1. Transfer it thither by drawing through 
station 1 a fine parallel to it, which will be the course required, its 
proper length being set off on it from 1 to 2. Now suppose the 
bearing from 2 to be S. 60° E. Draw through 2 a line parallel 
h> the line passing through the centre of the circle and through 
the opposite pomts S. 60° E., and N. 60° W., and it will be the 
line desired. On it set off the proper length from 2 to 3, and so 
proceed. 

When the plat is completed, the engraved sheet is laid on a 
clean one, and the stations " pricked through," and the points thus 
obtained on the clean sheet are connected by straight lines. The 
pencilled plat is then rubbed off from the engraved sheet, which can 
be used for a great number of plats. 

If the central circle be cut out, the plat, if not too large, can be 
made directly on the paper where it is to remain. 

The surveyor can make such a paper protractor for himself, with 
great ease, by means of the Table of Chords at the end of this 
volume, the use of which is explained in Art. (275). The engraved 
ones may have shrunk after being printed. 

Such a circle is sometimes drawn on the map itself. This wiU 
be particularly convenient if the bearings of any lines on the map, 
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not taken on the ground, are likely to be reqniretl. If the map be 
very long, more than one may be needed. 

(27S) Drawing-Board Protractor. Such a divided circle, as 
has just been described, or a cu-cvdar protractor, may be placed on 
a drawing board near its centre, and so that its 0° and 90° lines 
are parallel t« the sides of the drawing board. Lines are then to 
be drawn, through the centre and opposite divisions, by a nilor 
long enough to reach the edges of the drawing board, on which 
they are to be cut in, and numbered. The drawing board thus 
becomes, in fact, a double rectangular protractor. A atrip of 
white paper may have previously been pasted on the edges, or a 
narrow strip of wlate wood inlaid. When this is to be used for 
platting, a sheet of paper is put on the board as usual, and lines 
are drawn by a ruler laid across the 0° points and the 90° points, 
and the centre of the circle is at once found, and should be marked 
©. The bearings are then platted as in the last method. 

(274) With a scale of chords. On the plane scale contained 
in cases of mathematical drawing instruments will be found a series 
of divisions numbered from to 90, and marked CH) or C- 
This is a scale of chords, and ^ves the lengths of the chords of 
any arc for a radius equal in length to the chord of 60° on the 
scale. To lay off an angle with this scale, as for 
example, to draw a hue making at A an angle 
of 40" with AB, take, in the dividers, the dis- 
tances from to 60 on the scale of chords ; with 
this for radius and A for centre, describe an in- 
definite are CD. Take the distance from to 
40 on the same scale, and set it off on the arc as 
a chord, from C to some point D. Join AD, and 
prolong it. BAE is the angle required. 

The Sector, represented on page 36, supplies a modification of 
this method, sometimes more convenient. On each of its legs is 
a scale marked C, or CH. Open it at pleasure ; extend the com- 
pass from 60 to 60, one on each leg, and with this radius descnbe 
an arc. Then extend the compasses from 40 to 40, and the dis- 
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tance will be the chord of 40° to that radius. It can he set off as 
above. 

The smallness of the scale renders the method with a scale of 
chords practically deficient in exactnesa ; but it serves tt> illustrate 
the next and beat method. 

(27>!>) With a Table of chords. At the end of this volume 
will be found a Table of the lengths of the chords of arcs for every 
degree aod minute of the quadrant, calculated for a radius equal 
tol. 

To use it, take in the compasses one mch, one foot, or any other 
convenient distance (the longer the better) divided into tenths and 
hundredths, by a diagonal scale, or otherwise. ■ With this as radius 
describe an arc as in the last case. Find in the table of chords 
the length of the chord of the desired angle. Take it from the 
scale just used, to the nearest decimal part which the scale will 
give. Set it off as a chord, as in the last figure, aod join the point 
thus obtained to the starting point. This gives the angle desired. 

The superiority of this method to that which employs a protrac- 
tor, is due to the greater precision with which ai straight line can 
be divided than can a circle. 

A slight modification of this method is to take in the compasses 
10 equal parts of any convenient length, inches, half inches, quar- 
ter inches, or any other at hand, and with this radius describe an 
arc as before, and set off a chord 10 times aa great as the one 
found in the Table, i. e. imagine the decimal point moved one 
place to the right. 

If the radius be 100 or 1000 equal parts, imagine the decimal 
point moved two, or three, places to the right. 

Whatever radius may be taken or given, the product of that 
radius into a chord of the Table, will give the chord for that radius. 

This ^ves an easy and exact method of getting a right angle ; 
by describing an arc with a radius of 1, and setting off a chord 
equal to 1.4142. 

If the angle to be constructed is more than 90°, construct on 
the other side of the given point, upon the given line prolonged, an 
angle equal to what the ^ven angle wants of 180° ; i. e. its 
Supplement, ia the language of Trigonometry. 
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This same Table gives the means of measimng any angle, 
With the angular point for a centre, and 1, or 10, for a radiuB, 
describe an arc. Measure the length of the chord of the arc 
between the legs of the angle, find this length in the Table, and 
the angle corresponding to it is the one desired.* 

(276) With a Table of natural stnes. In the absence of a 
Table of chords, heretofore rare, a table of natural sines, which can 
be found anywhere, may be used as a less conyenient substitute. 
Since the chord of any angle equals twice the sine of half the 
angle, divide the ^vea angle by two ; find in the table the natural 
sine of this half angle ; double It, and the product is the chord of 
the whole angle. This can then be used precisely as was the 
chord in the preceding article. 

An ingenious modification of this method has been much used. 
Describe an arc from the given point as centre, as in the last two 
articles, but with a radius of 5 equal parts. Take, from a Table, 
the length of the natural sine of half the given angle to a radius of 
10. Set off this length as a chord on the arc just described, and 
join the point thus obtamed to the given point.! 

(377) By Latitudes and Departures. When the Latitudes 
and Departures of a survey have been obtained and corrected, (as 
explained in Chapter V), either to test its accuracy, or to obtain 
its content, they afford the easiest and best means of platting it. 
The description of this method will be given in Art. (285), 

' Tliia Tuble will also serve to find tlje natural line, or ceHne, of auy angle. 
Mulliply the given angle by Iwo ; find, in the Table, the chord of this double 
angle ; ami half of tbiB chord will be the natural sinw required. For, tbe chord 
of any angle is e()ual lo twice the sine of half the angle. To find the coiitu, pro- 
ceed 88 anove, with the angle whioh added to the given angle would make 90'. 

Aiiolher use of this Table ia to inscribo regular polygons iu a circle by setting 
off the chords of the arts which their sides sobtend. 

Still another tise is to divide an arc or anjjle into any number of eqaal parts, 
by settiog off the fractional arc or anglf — - — 

t The reason of this is apparent frot 
figure. D£ ia the sine of half the 
BAC, to a radina of 10 equal parts, 
BC ia the chord directed to be set off, to a 
radius of 5 i.qual parts. BC ia equal to DE ; 
foe BC = 2.BF, by Trigonometry, and DE 
^=9.BF, by aimilar triangles ; hence BO = 
DB. 
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LATITUDES AND DEPARTrRES. 

(278) Definitions. The Latitudb of a point is ifa distance 
North or South of some " Parallel of Latitude," or line raDning 
East or West, The Longitude of a point is its distance 
East or West of some ^'•Meridian," or line running North and 
South. In Compass-Surveying, the Magnetic Meridian, i. e. the 
direction in which the Magnetic Needle points, is the line from 
which the Longitudes of points are measured, or reckoned. 

Tho distance ^¥hich one end of a Ime is due North or South of 
the other end, is called the Difference of Latitude of the two ends 
of the line ; or its Northing or Southing ; or simply its Latitude. 

The distance which one end of the line is due East or West of 
the other, is here called the Difference of Longitude of the two 
ends of the line ; or its EmUng or Westing ; or its Departure. 

Latitudes and Departures are the most usual terms, and wiU be 
generally used hereafter, for the sake of brevity. 

This subject may be illustrated geographically, by noticing that 
a traveller in going from New-York to Buffalo in a straight line, 
would go about 150 miles due north, and 250 miles due west. 
These distances would be the differences of Latitude and of Longi- 
tude between the two places, or his Northing and Westing. Re- 
turning from Buffalo to New- York, the same distances would be 
his Southing and Easting.* 

In mathematical language, the operation of finding the Latitude 
and Lon^tude of a Ime from its Bearing and Length, would be 
called the transformation of Polar Co-ordinates into Rectangular 
Co-ordinates. It consists in determining, by our Second Principle, 
the position of a point which had origmally been determined by 
the TMrd Principle. Thus, in the figure, (which is the same as 

• It should be remembered that ihe following discussions of (he Latitudes and 
Longitudes of the poinis of a survey will not always bo fully applicable to those 
of diBtant places, such as the cities juat named, in cousequetice of the surface of 
the earth not being a plane. 
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that of Art.(9)),the point S is detennin- 
ed by the angle SAC and by the dis- 
tance AS. It is also determined by the 
diatancea AC and CS, measured at right 
angles to each other; and then, supposing 
CS to run due North and South, CS will be the Latitude, and AG 
'.ure of the line AS. 




(379) Calculation of Latitudes and Departures, Let AB 

be a given line, of which the length fig- I9i- 

AB, and the bearing (or angle, BAG, 
which it makes with the Magnetic 
Meridian), are known. It ia required 
to find the differences of Latitude and 
of Longitude between its two extremi- 
ties A and B : that is, to find AC and 

CB; or, what is the same thing, BD w 

and DA. 

It will be at once seen that AB is 
the bypothenuse of a right-angled tri- 
angle, in which the " Latitude" and the " Departure " are the sides 
about the right angle. We therefore know, from the principles of 
trigonometry, that 

AC = AB . COS. BAC, 
BO = AB . sin. BAC. 

Hence, to find the Latitude of any course, multiply the natural 
cosine of the bearing by the length of the course ; and to find the 
Departure of any course, multiply the natural sine of the bearing 
by the lengtli of the course. 

If the course be Northerly, the Latitude will be North, and 
will be marked with the algebraic sign -|-,^?mb, or additive; if 
it be Southerly, the Latitude will be South, and will be marked 
with the algebraic sign — , minus, or subtraetive. 

If the course be Easterly, the Departure will be East, and 
marked +, or additive ; if the course be Westerly, the Departure 
will be West, and marked — , or subtraetive. 
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(280) Formulas. The rules of the preceding article may be 
expressed thus ; 

Latitude = Distance x cos. Bearing, 
Departure = Dbtance X sin. Bearing.* 
From these formulas may be obtained others, by which, when 
any two of the above four things are g^ven, the remairung two can 
be found. 

When the Bearing and Latitude are given ; 
Distance = ' ' = Latitude X s 



Departure = Latitude x tang. Bearing. 

When the Bearing and Departure are given ; 
Distance = g|„^^^a".|,^„ = Departui« x cosec. Bearing, 
Latitude = Departure x cotang. Bearing. 

When (Ae Distance and DaUtude are given; 
Cos. Bearing = \ , 

Departure = Latitude X tang. Bearing. 
Wh&n the Distance and Departure are given ; 



Latitude = Departure X cotang. Bearing. 
When the Latitude and Departure are giveti ; 
Tang, of Bearing = - /^.^ I /t" ) 

Diatance = Latitude X see. Bearing. 
Still more sijnply, any two of these three — Distance, Latitude 
and Departure — being ^ven, we have 

Distance = v'(I^titude^ + Departure^) 
Latitude = ^(Distances — Departure') 
Departure = -/(Distance^ — Latitude^) 

(281) Trayerse Tables. The Latitude and Departure of any 
distance, for any bearing, could be found by the method given in 
Art. (279), with the aid of a table of Natural Sines. Bub to 
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facilitate these calculations, which are of so frequent occurrence 
and of so great use, Traverse Tables have been prepared, origin- 
allj for navigators, (whence the name Traver3e')f and subsequently 
for surveyors." 

The Traverse Table at the end of tlus volume gives the Latitude 
and Departure for any bearing, to each quarter of a degree, and 
for distances from 1 to 9. 

To use it, find in it the number of degrees in the bearing, on 
the left hand side of the page, if it be less than 45°, or on the right 
hand side if it be more. The numbers on :he same line running 
a«ro^ the page,f are the Latitudes and Departures for that bear- 
ing, and for the respective distances — 1, 2, 3, 4, 5, 6, 7, 8, 9, — 
which are at the top and bottom of the page, and which may 
represent chains, links, rods, feet, or any other unit. Thus, if the 
bearing be 15°, and the distance 1, the Latitude would he 0.966 
and the Departure 0.259. For the same bearing, but a distance 
of 8, the Latitude would be 7.727, and the Departure 2.071. 

Any distance, however great, can have its Latitude and Depaiv 
ture readily obtained from this table ; sinee, for the same bearing, 
they are directly proportional to the distance, because of the simi- 
lar triangles which they form. Therefore, to find the Latitude or 
Departure for 60, multiply that for 6 by 10, which merely moves 
the decimal point one place to the right ; for 500, multiply the 
numbers found in the Table for 5, by 100, i. e. move the decimal 
point two places to the right, and so on. Merely moving the deci- 
mal point to the right, one, two, or more places, will therefore 
enable this Table to give the Latitude and Departure for any deci- 
mal multiple of the numbers in the Table. 

For compound numbers, such as 873, it is 'only necessary to 
find separately the Latitudes and Departures of 800, of 70, and of 
3, and add them together. But this may be done, with scarcely 
any risk of error, by the following simple rule. 

' The first Traverse Table for SurvfyoraaeemBlo have beeu published in 170J, 
by John Gale. The moat extenEivB taWe is that of Capt. Boileaa, of the Britieh 
army, being calculaled for every minute of bearing, and to five decimal places, 
for distances from I to 10. The Table in this volume was calculated for it, aud 
then compared with the one just mentioned. 

1 In using this or any similai' Table, lay a ruler across the page, just abovi 
below the line to be followed oot This is a veiy valuable meclianica. assistai 
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Write down the Latitude and Departure for the first figure of 
the given number, as found in the Table, neglecting the decimal 
point ; write under them the Latitude and Departure of the second 
figure, setting them one place farther to the right ; under them 
write the Latitude and Departure of the third figure, setting them 
one place farther to the right, and so proceed with all the figures 
of the given number. Add up these Latitudes and Departures, 
and cut off the three right hand figures. The remaining figures 
will be the Latitude and Departure of the ^ven number in links, 
or chains, or feet, or whatever nmt it was given in. 

For example ; let the Latitude and Departure of a course hav- 
ing a distance of 873 links, and a bearing of 20°, be required. In 
the Table find 20°, and then take out the Latitude and Departure 
for 8, 7 and 3, in turn, placing them as above directed, thus ; 
Distances. Latitudes. De'partutei. 

800 7518 2730 

TO 6578 2394 

8 281& 1026 

873 820.399 298.566 

Taking the nearest whole numbers and rejecting the decimals, 
we find the desired Latitude and Departure to be 820 and 299." 

When a occurs in the ^ven number, the next figure must be 
set two places to the right, the reason of which will appear from 



e tollowing example 


,in 


whicii the is treated like ajiy otiier 


Given a bearing of 


360 


, and a distance of 3048 linls. 


3000 

000 

40 

8 


Laiitu^, DsparUlrei. 
2457 1721 
0000 0000 
3277 2294 
6553 4689 


S048 




2496.823 1748.529 


Here tlie Latitudes and 


Departures ape 2496 and 1749 linla. 



• It IB frequently doubtful, in many calculations, when the finftl decimal is 5, 
whether to increase the pveeeding figure by one or not. Thus, 43.5 may be called 
43 or 44 with equal correcWeaa. It is better in auch caaes uot lo increase the 
whole number, ao as U) eacape ihe trouble of changing the original figure, and 
ttie increaaed chance of error. If, however, mote than one such a caae occurs in 
the same column to be added up, the larger and smaller number should be taken 
alternately. 
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When the bearing is over 45°, the names of the coiunma muet 
be read from the bottom of the page, the Latitude of anj bearing, 
as 50", being the Departure of the complement of this bearing, or 
40°, and the Departure of 40° being the Latitude of 50°, kc. The 
reason of this will be at once seen on inspecting the last figure, (page 
170). and imagining the East and West line to become a Meri- 
dian. For, if AC be the magnetic meridian, as before, and there- 
fore BAG be the bearing of the course AB, then is AC the Lati- 
tude, and CB the Departure of that course. But if AE be the 
meridian and BAD (the complement of BAC) be the bearing, 
then is AD (which is equal to CB) the Latitude, and DB, (which 
is equal to AC), the Departure. 

As an example of this, let the bearing be 63^°, and tie distance 
3469 links. Proceeding as before, we have 

instances. Latitudes. Departures. 

3000 1350 2679 

400 1800 3572 

60 2701 5358 

9 4051 8037 



3469. 1561.061 3097.817 

'Ite required Latitude and Departure are 1561 and 3098 links. 

In the few cases occurring in Compass-Surveying, in which tlie 
bearing is recorded as somewhere between the fractions of a degree 
^ven in the Table, ita Latitude and Departure may be found bj 
interpolation. Thus, if the bearing bo 10|°, take the half sum of 
the Latitudes and Departures for 10J° and 10^°. If it be 10° 20', 
add one-third of the difference between the Lats. and Deps. for 
10^ and for 10^°, to those opposite to 10^° ; and so in any similar 
case. 

The uses of this table are very varied. The principal applica- 
tions of it, which will now be explained, are to Testing the accur 
racy of surveys; to Swpplymg omissions in them; to Platting 
them, and to Calculating their content." 

" The Traverse Table ailmita of many olher minor uses. Ttins, it may be used 
for solving, approiiinately, any right-angled triangle by mere inspection, the 
Searing being taken for one of Uie acute anales ; the Latitude beina the side ad- 
jacent, the Departure Ihe side opposite, and the Distance the hypotnenase. Any 
two of these being given, the others are given by the Table. The Table wfill 
therefore serve to show the allovmnce tu be made in chaining on sbpes (see Art. 
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(282) Ippllcation to Testiag a Sorrey. It. is self-evident, 
tliat when the surveyor has gone completely arounl a field or 
farm, taking the bearings and distances of each bomidary line, till 
he has got back to the starting point, that he has gone precisely 
as far South as North, and as far West as East. But the sum of 
the North Latitudes tells how far North he has gone, and the sum 
of the South Latitudes how far South he baa gone. Hence these 
two sums will be equal to each other, if the. survey has been cor- 
rectly made. In like manner, the sums of the East and of the 
West Departures must also be equal to each other. 

We will apply this principle to testing the accuracy of the sur- 
vey of which Fig. 175, page 151, ia a plat. Prepare seven 
columns, and head them as below. Find the Latitude and Depar- 
ture of each course to the nearest link, and write them in their 
appropriate columns. Add up these columns. Then will the 
difference between the sums <^ the North and South Latitudes, 
and between the sums of the East and West Departures, indicate 
the degree of accuracy of the survey. 



STATIOH. 


BEARING. 


DISTANCE. 


LATITUDE. 


DBPARTDRB. 1 


N. 


S. 


E. 


W. 


1 

2 
3 
4 
6 


N.85°E. 
N. 834" E. 
S. bT E. 
S.34rW. 
N.66J°W. 


2.70 
1.29 
2.22 
3.55 
3.23 


2.21 

.16 
1.78 


1.21 
2.93 


1.65 
1.28 

1.86 


2.00 
2.69 


4.14 


4.14 


4.69 


4.69 



The entire work of the above example is given below. 

350 1638 1147 34A0 2480 1688 

57340 40150 4133 2814 

^ 4133 2814 

270. 221.140 154.850 

355. 293.463 199.754 

(S6)) ; for, look ill the column of beBrinifB for the slope of the ground, i. e. ihe 
anEie it makes with the horizon, find the given diBtance, and the Latitude cf"^ 

.ponding will be the deeiied horizontaJ " " '-" ''- -"■"■- '— " 

it Bad the Dialance will be the allowan 



and the difierence bi 



Hosted by 



Google 



ctnriss siKTEniiii), [rABim 



113 


994 


66io 


1656 


226 


1987 




1104 


1019 


8942 




1666 



129. 14.579 128.212 828. 178.2! 



57° 1089 1677 

1089 1677 

1089 1677 



The nearest link is taken 
to be inserted in the Table, 
and the remaining Decimals 
222. 120.879 186.147 are neglected. 

In the preceding example the respective sums were found to be 
exactly equal. This, however, will rarely occur in an extensive 
survey. If fhe difference be great, it indicates some mistake, and 
the survey must be repeated with greater care ; but if the differ- 
ence be small it indicates, not absolute errors, but only iuoccurar 
cies, unavoidable in surveys with the compass, and the survey may 



How great a difference in the sums of the columns may be 
allowed, as not necessitating a new survey, is a dubious point- 
Some surveyors would admit a difference of 1 link for every 3 
chains in the sum of the courses : others oiJy 1 link for every 10 
chains. One writer puts the limit at 6 links for ea«h station ; 
another at 25 links m a survey of 100 acres. But every practical 
surveyor soon learns how near to an equality his instrument and 
his skill will enable him to come in ordinary cases, and can there- 
fore establish a standard for himself, by which he can judge whether 
the difference, in any survey of his own, is probably the result of 
an error, or only of his customary degree of inaccuracy, two things 
to be very carefully distinguished.* 

(283) Applicati«n to snpplyfng omIssioDS. Any two omis- 
sions in the Field-notes can be supphed by a proper use of tlie 
method of Latitudes and Departures ; as will be explained in Part 
VH, which treata of " Obstacles to Measurement," under which 
head this subject moat appropriately belongs. But a knowledge 
of the fact that any two omissions can be supplied, should not lead 
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the youDg surveyor to be negligent in making every possible mea- 
surement, since an omission renders it necessary to assume all the 
notes taken to be correct, the means of testing them no longer 
existing. 



(284) Balancing a Survey. The subsec|ueDt applications c£ 
this method require the survey to be previously Balanced. This 
operation consists in correcting (lie Latitudes and Departures of 
the courses, so that their sums shall be equal, and thus " balance." 
This is usually done by distributing the differences of the sums 
among the courses in proportion to their length ; saying, As the 
sum of the lengths of all the courses Is to the whole difference of 
the Latitudes, So is the length of each course To the correction 
of its Latitude. A similar proportion corrects the Departures.* 

It is not often necessary to make the exact proportion, as the 
correction can usually be made, with sufficient accuracy, by noting 
how much per ch^n it should be, and correcting accordingly. 

In the example given below, the differences have purposely been 
made considerable. The corrected Latitudes and Departures have 
been here inserted in four additional columns, but in practice they 
should be written in red ink over the ori^nal Latitudes Mid 
Departures, and the latter crossed out with red ink. 



„. 


.„™. 


_. 


l.t,t™^. 


..P-T.^ 


L°XX 


DEP*RTUEEB. 


N.+ 


S,— 


E.-I- 


W.— 


N.+ 


S.— 


K + 


W.— 


1 

2 


S. 29r E. 

N. 61" W. 


10.63 
4.10 
7.69 
7,1B 


6-B4 
3.46 


8,66 


8.88 
3,03 


4.0B 
6,34 


6.68 
3.48 


8.66 
6.61 


8,34 
2,01 


4,08 
6.27 


29.ee 


10.00 


10.10 


10,41 


10.29 


10.06 


10.0G 


10,35 


10.85 



The corrections are made by tbe following proportions ; the 
ole numbers being taken : 
£br (Ae latitudes. For the L 



39.55 
89.56 
29.55 
29.66 



4.10 
7.13 



29.55 : 10.63 
29.55 : 4.10 



12 ; 2 
12 : 3 
12 ; 3 



•A demonalration of thia prinoiple was given by Dr. Bowditoh, in No, 4 of 
" The Analyst," -• q 
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This rule ia not alwaya to be strictly followed. If one line of a 
survey has been measured oyer very uneven and rough ground, or 
if its bearing has been taken with an indistinct sight, while the 
other lines have beon measured over level and clear ground, it ia 
probable that most of the error has occurred on that line, and the 
correction should be chiefly made on its Latitude and Departure. 

If a slight change of the bearing of a long course ivill favor the 
Balancing, it should be so changed, since the compass is much 
more subject to error than the chain. So, too, if shortening any 
doubtful line will favor the Balancing, it should be done, since dis- 
tances are generally measured too long. 

(385) AppllcatlOB to Plattfag. Kule three columns ; one for 
Stations ; the next for total Latitudes ; and the third for total De- 
partures. Fill the last two columns by beginning at any conven- 
ient station (the extreme East or West is best) and adding up 
(algebraically) the Latitudes of the following stations, noticing 
that the South Laititudes are subtractive. Do the same for the 
Departures, observing that the Westerly ones are also subtractive. 

Taking the example given on page 175, Art. (282), and be^- 
ning with Station 1, the following will be the results : 



.... 


™rom"a''t"nT 


^°Ro«''sTlTm71!'^ 


1 

2 
8 
4 
5 

1 


0.00 
+2.21 N. 
+2.36 N. 
+ 1.15 N. 
—1.78 S. 

0.00 


0.00 
+ 1.55 E. 
+2,83 E. 
+4.69 E 
+2.69 E. 

0,00 



It will be seen that the work proves itself, by the total 
Latitudes and Departures for Station 1, again coming out equal 
to zero. 

To use this table, draw a meridian through the point taken for 

Station 1, as in the figure on the folloiving page. Set off, upward 

from this, along the meridian, the Latitude, 221 links, to A, and 

from A, to the right perpendicularly, set off the Departure, 155 

links," This gves the point 2. Join 1....2. From 1 again, set 

" This is most easily done with the aid of a right-angled triangle, sliding one 
of the sides adjacent to the right ancle along the olade of the square, to wliich 
the other side wiH then be perpendicular. 
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off, upward, 236 
links, to B, and from 
!B, to the right, per- 
pendicularly, eet off 
283 links, which mill 
fix the point 3. Join 
2... .3 ; and so pro- 
ceed, setting off 
North Latitudes 
along the Meridian i( 
upwards, and South 
Lati'udes along it 
downwards ; East 
Departures perpen- 
dicularlj to the right, » 
and West Depar- m 
tares perpendicularly to the left. 

The advantages of this method are its rapidity, ease and accu' 
racy ; the imposstthility of any error in plattmg any one course 
affecting the following points ; and the certainty of the plat " com- 
ing together," if the Latitudes and Departures have been " Bal- 
iHiflfld," 
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CALCPLATIHO THE CONTEKT, 

(386) Methods. When a field has been platted, by what- 
ever method it may have been surveyed, its content can be obtained 
from its plat by dividing it up into triangles, and measuring on 
the plat their bases and perpendiculars ; or by any of the other 
means explained m Part I, Chapter IV. 

But these are only approximate methods ; their degree of accuracy 
depending on the largeness of scale of the plat, and the skill of the 
draftsman. The invaluable method of Latitudes and Departures 
gives another means, perfectly accurate, and not requiring the 
previous preparation of a plat. It is sometimes called the Rectan- 
gular, or the Pennsylvania, or Rittenhouse's, method of calculation.* 

(287) DefinttiODS. Imag^e a Meridian Une to pass through 
the extreme East or "West comer of a field. According to the 
definitions established in Chapter V, Art. (278), (and here reear 
pitulated for convenience of reference), the perpendicular distance 
of each Station from that Meridian, is the Longitude of that Sta^ 
tion ; additive, or pluB, if Eaat ; subtraetive, or ■minus, if West. 
The distance of the middle of any hne, such as a side of the 
field, from the Meridian, is called the Longitude of that side.f 
The difierenee of the Longitudes of the two ends of a line is called 
the Departure of that line. The difference of the Latitudes of the 
two ends of a line is called the Latitude of the line. 



t The phiBBB " Meridian Distance," is generally vised for what is here called 
" Lonailude"! but the analogy of " Diffei'eiices of Longitude" wilh " Differences 
of Lwitude,'" uanaily but anomtJouBly uuited with the word " Departare," bin^ 
rowed from Navigation, seems to put beyond all queslion the propriely of Ihcs 
iDnovaliod here introduced. 
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(288) LoDgttndes. To ^ve more definiteness to the develop 
ment of ilua subject, the figure in tie margin will be referred to, 
and may be considered to represent any space e 



Let NS be the Meridian passing through the extreme Westerly 
Station of the field ABODE. From f.^^.m. 

the middle and ends of each side 
draw perpendiculars to the Meridi- 
an. These perpendiculars will be 
the Longitudes and Departures of 
the respective sides. The Longi- 
tude, FG, of the first course, AB, 
is evidently equal to half its Depar- 
ture HB. The Longitude, JK, of 
the second course, BC, is equal to 
JL + LM + MK, or equal to tlie 
Longitude of the preceding course, 
plus half its Departure, plus half 
the Departure of the course itself. 
The Longitude, YZ, of some other 
course, as EA, taken anywhere, is 
equal to WX — VX — UV, or equa 

ceding course, minus half its Departure, minus half the Departure 
of the course itself ; i. e. equal to the Algebraic sum of these three 
parts, remembering that Westerly/ Departures are negative, and 
therefore to be subtracted when the directions are to make aa 
Algebraic addition. 

To avoid fractions, it will be better to double each of the preced- 
ing expressions. We shall then have a 

GENERAL RULE FOR FINX>INO DOUBLE LONGITUDES. 

The Bovhle Longitude of ihe first cooRSE.is eqml to its i)e- 
p(^ure. 

The Double Longitude of the second coubbb is equal to the 
Double Longitude of the fret course, plus the Departure of tJiat 
cowse, plus ihe Departure of the second course. 

The Double Longitude of the third course is equal to the 
Double Longitude of the second course, plus the Departure of thai 
course, plus ihe Departure of the course itself. 




the pre- 
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The Double Longitude of ANr cour»e is equal to the Double 
Longitude of the precedinff course, plus the Departure of that 
course, pitta the Departure of the course itseJf.* 

The Double Longitude of the last course (as well as of the first) 
ia equal to its Departure. Its " coming out" bo, when obtained 
by the above rule, proves the accuracy of the calculation of all the 
preceding Double Longitudes. 



(2S9) Areas. We will now proceed to find the Area, or Con- 
tent of a field, by means of the " Double Longitudes" of its sides, 
which can be readily obtained by the preceding rule, whatever their 
number. 



(290) Beginning with a three-sided field, ABC in the figure, draw 
a Meridian through A, and draw perpendi- *"'§■ i^^- 

culars to it as in the last figure. It ia 
plajn that its content is equal to the differ- 
ence of the areas of the Trapezoid DBCE, 
and of the Triangles ABD and ACE. 

The area of the Triangle ABD ia equal 
to the product of AD by half of DB, or to 
the product of AD by FG ; i. e. equal to 
the product of the Latitude of the 1st course 
by its Lon^tude. 

The area of the Trapezoid DBCE is equal 
to the product of DE by half the sum of DE 
and CE, or by HJ ; i. e. to the product of 
the Latitude of the 2d course by its Lon^tude. 

'ITie area of the Triangle ACE is equal to the product of AE by 
half EC, or by KL ; i. e. to the product of the Latitude of the 3d 
course by its Lon^tude. 

Calling the products in which the Latitude was North, North 
Products, and the products in which the Latitude was South, 
Sottth Products, we shall find the area of the Trapezoid to be a 
South Product, and the areas of the Triangles to be North Pro- 




ing ihsl [liese ii 



IS will appear 01 
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ducts. The Difference of the North Products and the South 
Products is therefore the desired area of the three-sided field ABO. 
Using the JDouhle Lon^tudes, (in order \a avoid fractions), in 
each of the preceding products, their difference mil be the double 
area of the Triangle ABC. 



(291) Taking now a four-aided field, ABCD in t&e figure, and 
drawing a Meridian and Longitudes as be- Fig. i95. 

fore, it is seen, on inspection, that its area 
would he obtained hy taking the two Trian- 
gles, ABE, ADG, from the figure EBCDGE, 
or from the sum of the two Trapezoids EBCF 
and FCDG. 

The area of the Triangle AEB will be 
found, as in the last article, to be equal to 
the product of the Latitude of the 1st course 
by its Longitude. The Product will be 
North. 

The area of the Trapezoid EBCF will be 
found to equal the Latitude of the 2d course 
by its Lon^tude. The product will be 
South. 

The area of the Trapezoid FCDG wUl be found to e 
product of the Latitude of the 3d course by its Longitude, 
product will be South. 

The area of the Triangle ADG will be found to equal the pro- 
duet of the Latitude of the 4th course by its Longitude, The pro- 
duct will be North. 

The difference of the North and South products will there- 
fore be the desired area of the four-sided field ABCD. 

Using the Bouble Lon^tude as before, in each of the preceding 
products, their difference will be double the area of the field. 




The 



(292) Whatever the number or directions of the sides of a field, 
or of any space enclosed by strfught lines, its area will always be 
equal to half of the difference of the North and South Products 
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arising from mviltiplynig together the Latitude and Double Looj^- 
tude of each course or side. 

We have therefore the following 

GENERAL RULE FOR FINDING AREAS. 

1. Prepare ten columns, headed as in the example belote, and 
in the first three write the Stations, Searings and IHstanees. 

2. Find ike Latitudes and Departures of each course, hy the 
Traverse Table, as directed in Art. (281), placing them in ike 
four following columns. 

3. Balance them, as in Art. (284), correcting them in red ink. 

4. Find the Louhle Longitudes, as in Art. (288), with refer- 
ence to a Meridian passing through the extreme Hast or West 
Station, and place them in the ugMh column. 

5. Multiplif the Double Longitude of each course by the cor- 
rected Latitude of that course, placing the North Products in the 
ninth column, and the South Products in the tenth column. 

6. Add up the last two columns, subtract the smaller sum from 
the larger, and divide the difference by two. The quotient will 
be the content desired. 

(295) To find the most Easterly or Westerly Station of a sur- 
■vey, without a plat, it is best to make a rough hand-sketch of the 
survey, drawing the lines in an approximation to their true direc- 
tions, by drawing a North and South, and East and West lines, 
and considering the Bearings as fractional parts of a right angle, 
or 90° ; a course N. 45° E. for example, being drawn about half 
way between a North and an East direction ; a course N. 28° W. 
being not qmte one-third of the way around from North to West ; 
and 80 on, drawing them of approximately true proportional lengths. 

(294) Example 1, gi^en below, refers to the five-eided field, of 
which a plat is given in Fig. 175, page 151, and the Latitudes and 
D^>arturcs of which were calculated in Art. (282), page 175. 
Stati<m 1 is the most Westerly Station, and the Meridian will be 
supposed to pass through it. The Double Lon^tudes are. best 
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found by a contmual a*Mition and subtraction,, 
as in the margin, where tliej are marked J>. L. 
The Double Longitude of the last course comes 
out equal to its Departure, thus proving the 
work. 

The Double Longitudes being thus obtained, 
are multiplied by the corresponding Latitudes, 
and the content of the field obtained as directed 
in the General Rule. 

This example may serve aa a pattern for the 
most compact manner of arranging the work. 







1 


. - 1.55 D. L 




■ - 1.55 




- - 1.28 




- - 4.38 D. L. 




- - 1.28 




- - 1.86 


3 


+ 7.52 D. L. 




+ 1.86 


i 


+ 7.38 D. L. 




— S.OO 






S 


+ 2.69 D. !-■ 



,T.T,„.. 


BEARITOS 


tiBOEi. 


LATITL-DES. 


j>^>-'yvtiK, 


DllUBlE IIDOUBLCAKKAS. 


N.4. 


8.- 


R.+ 


w.— 


™-' N- + 


S.— 


1 

2 
3 
4 

5 


N, 83io E. 

s. r,?" E. 

S. Mi" W 
N. 56i° W 


2.7U 
1.29 
2JJ2 
3.55 
3.23 


2,-2 1 

.15 

1.78 


1,21 
9.93 


1.2s 
1.8B 


2.Da 


+ 1.55 3.4255 
+ 4.38 0.6570 

+ e.69 114.7382 


9.0992 
21.6234 






4.14 14.14 

Content =^1 A. 


4,li« 

OR. 


4.BM 

15P 


118.8707 l-iltjyjb 

8.8707 

2)91.9519 

Square Chuins, l(l,995» 



(295) The Meridian might equally well have 
been supposed to pass through the most Easterly 
station, i in the figure. The Double Longitudes 
could then have been calculated as in the mar- 
gin. They will of course be all West, or minus. 
The products being then calculated, the sum of 
the North products will be found to be 29.9625, 
and of the South products 8,1106, and their 
diflerence to be 21.8519, the same result as be- 
fore. 



5TA. 






— 2 00 D. L. 




— 2.00 




— 2.69 












+ 1 55 




— 7.83 D, L, 




+ 1.55 




+ 1.38 


■f 


— 5.00 D. L. 




+ 1.28 






3 


— IM 



(396) A number of examples, with and without answers, will 
now be given as exercises for the student, who should plat them 
by some of the methods given in the preceding chapter, using each 
of them at least once. He should then calculate their content by 
the method just ^ven, and cheek it, by also calculating the area of 
the plat by some of the Geometrical or Listmmental methods given 
in Part I, Chapter IV ; for no single calculation is ever reliable. 
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All the examples (except the la 
Burveys. 

Sxample 2, given below, ia 
also fully worked out, as anoth- 
er pattern for the student, who 
need have no difficulty with any 
possible case if he strictly fol- 
lows the directions which have 
been given. The plat ia on a 
scale of 2 chains to 1 inch, 
(=1:1584). 



I are from the author's actual 




.T.™«. 


..„.„.. 


.Z'... 


LATITUDES 


DEP'TUKES 


l«b™tI'bes 


DOUBLE AREAS.I 


.N,4. 8.— 


E.+ 


W.— 


i\,+ 


s.— 


2 

4 
5 
6 


N, 76° W. 
S. 244° W. 
S. 48° B. 
S. 124° E. 
8.77° E. 


3.81 
3.20 
1.14 
1.53 
1,12 
1.64 


.77 


1.02 
1.0ft 
.37 


!24 
1.60 


3.11 

.47 


VS. 

+ 2.52 
+ 4.36 


18.04(IU 

3.1185 


.4SSS 
l.iG28 
2.7468 
1.6132 








3.&s; 


a... 


3.i,H 


3.b8 


fi.0116 





STA. 


BEAHING. 


DISTANCE. 


1 

2 
3 
4 


N.62° E. 
S. 29>° E. 
S. 31}° W. 
N. 61" W. 


10.64 
4.09 

7.68 
7.24 



Am. 4A. 3K. 28P. 





Example 


5. 


STA. 


BEARING. 


DISTANCE. 


1 

2 
3 
4 
6 


N.34>°E. 
N.85° E. 
S. 661° E. 
S. 34J° W. 
N. 661° W. 


2.73 
1.28 
2.20 
3.63 
3.20 



STA 


BEARING. 


DISTANCE. 


1 
2 

3 
4 


S. 21° W. 

». 83" E. 
N. 12° E. 
N. 47°W. 


12.41 
6.86 
8.25 
4.24 



Am. 4A. 2K. 37P. 



Ant. lA. OK. 14P. 



STA 


BEARING. 


DISTANCE. 


1 


N. 36° E. 


6.49 


2 


a. 56"° E. 
S. 34' W. 


14.15 


3 


5.10 


4 


N. 56° W. 


5.84 


5 


S. 29J° W. 


2.52 


6 


N. 48i° W. 


8V3 
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Example ^ 




STA. 


BEAEIKS. 


DISTANCE. 


1 


S. 21i° W. 


17.62 


2 


S. 34° W. 


10.00 


3 


H. 56- W. 


14.15 


4 


N. 34° E. 


9.76 


fi 


N. 67» E. 


2.30 


(i 


ff. 23° E. 


7.03 


^ 


N. 18J- E. 


4.43 


8 


S. 76i' E. 


12.41 



Example 1 



SXA. 


BEARING. 


DISTANCE. 


1 


S. 67" B. 


6.77 


2 


S. 36f W. 


2.26 


b 


S. 39J° W 


1.00 


4 


S. 701= W 


1.04 


!> 


N. 68r W 


1.28 


6 


N. 56° W 


2.19 


7 


N. 331' E. 


1.05 


8 


U. 56i° W. 


1.54 


9 


N. 33J° E. 


3.18 



Ans. 2A. OR. 82P. 
Example 11. 



5TA. 


BEAEINC. 


DISTANCE. 


1 


N. 18|' E. 


1.93 


2 


^f. 9» W. 


1.29 


3 


N. 14' W. 


2.71 


4 


N. 74° E. 


0.95 


6 


S. 48J° E. 


1.59 


ti 


S. 141° E. 


1.14 


7 


S. 191= E. 


2.15 


8 


S. 23J= W. 


1.22 


9 


S. 5= ' W. 


1.40 


10 


S. 30° W. 


1.02 


11 


S. 814° W. 


0.69 


12 


N. 32J° W. 


1.98 





Ezampl 


e8. 


STA. 


BEAKINQ. DISTANCE.] 


1 


S. 651= E. 


4.98 


2 


S. 58= E. 


8.66 


3 


S. 141° W. 


20.69 


4 


S. 47° W. 


0.60 


5 


S. 67i° W. 
N. 56' W. 


8.98 


6 


12.90 


7 


N. 34= E. 


10.00 


8 


N. 21i E. 


17.62 





Example 


10. 


STA. 


BEABING. 


DISTANCE. 


1 


N. 63= 51' W. 


6.91 


2 


S. 63° 44' W. 


7.26 


3 


N. 69° 36' W 


3.34 


4 


H. 77° 60' W. 


6.54 


6 


S. 31' 24' E. 


14.38 


6 


N. 31° 18' E. 


16.81 


7 


S. 88° 56' E. 


13.64 


K 


S. 68° 42' E. 


11.54 


9 


S. 33= 45' W 


31.55 



Ans. 74 Acres. 
Example 12. 



STA. 


BEARING. 


DISTANCE. 


1 


N. 721° E. 


0.88 


2 


S. 201° E. 


0.22 


3 


S. 63° E. 


0.76 


4 


N. 51° E. 


2.36 


6 


N. 44= E. 


1.10 


6 


N. 261° W. 


1.96 


7 


N. 81° W. 


1.05 


X 


S. 29= W. 


1.63- 


9 


N. 71J' W. 


0.81 


10 


N. 13i' W. 
N. 63* W. 


1.17 


11 


1.28 


12 


West. 


1.68 


13 


N. 49= W. 


0.80 


14 


S. 191 E. 


6.20 
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e 13. A farm is described in an old Deed, as bounded 
tboa. Be^nning at a pile of stones, and running thence twenty- 
eeven chains and seventy links Soath-Easterly sixty-six and a half 
degrees to a white-oak stump ; thence eleven chains and sixteen 
links North-Easterly twen- Fig. i97. 

ty and a half degrees to a 
hickory tree ; thence two 
chains and thirty-five links 
North-Easterly thirty-six 
degrees to the South-East- 
erly comer of the home- 
stead ; thence nineteen 
chains and thirty-two links 
North-Eaaterty twenty-sis 
degrees to a stone set in 
the ground ; thence twenty- 
eight chains and eighty links 
North-Westerly 
degrees to a pine s 
thence thirty- three chains and nineteen links South-Westerly 
twenty-two degrees to the place of beginning, containing ninety-two 
acres, be the same more or less. Required the exact content, 




(297) Jtlascherool's Theorem. The surface of c 
is equal to half the sum of the products of its sides ( 
one side') taken two and two, into the sines of the angles which 
those sides make with each other. 

Thus, take any polygon, such as the five- 
sided one in the figure. Express the angle which 
the directions of any two sides, as AB, CD, make 
with each other, thus (ABaCD). Then will 
Qie ctmtent of that polygon be, as below ; 




= J [AB . BC . sin (AB A BC) + AB , 
-I- AB . DE . sin (AB A DE) + BO . 
f BO . DE . sin (BO A BE) -|- CD . 



CD . Bin (AB A CB) 
CD . Bin (BC A CD) 
DE . sin (OD A DE)] 
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The demonatradon consists merely in dividing the polygon into 
triangles by lines drawn from any angle, (as A) ; then expressing 
the area of each triangle by half the product of its base and the 
perpendicular let fall upon it from the above named angle ; and 
finally separating the perpendicular into parts which can each be 
expressed by the product of some one side into the sme of the 
angle made by it with another side. The sum of these triangles 
equals the polygon. 

The expressions are simplified by dividing the proposed polygon 
into two parts by a diagonal, and computing the area of each part 
separately, making the diagonal the side omitted." 



CHAPTER Vn. 

THE TARllTION OF THE niiefllETIC NEEDLE. 

(298) l)eflHiti«HS. The Magnetic Meridian is the ^>S-J 
direction indicated by the Magnetic Needle. The True 
Meridian is a true North and South hne, which, if pro- 
duced, would pass through the poles of the earth. The 
Variation, or Declination, of the needle is the angle 
which one of these lines mates with the other. f 

In the figure, if NS represent the direction of the True 
Meridian, and N'S' the direction of the Magnetio Meri- 
dian at any place, then is the angle NAN' the Variation 
of the Needle at that place. 

(299) Direction of Needle. The directions of these two meri- 
dians do not generally coincide, but the needle in most places 
points to the East or to the West of the true North, more or less 

' The original Theorem is usually accredited to Lhuillier, of Gerevs, who pnb- 
lished it iu 1T89. But Mascheroni, the ingeiiioas author of the •' Georneliy of 
the Compasses," bad published it at Pavia, two years previously. The metliod 
is well developed in Prof. Whillock's " Elements of Geometry." 

1 " Declination" is llie more correct term, and " Variation" should ba reserved 
for the ehoJige in the Declination which will be considered in the neit chapter ) 
but custom has eslablisbed the use of Variatioii in tbe eenee of Declination. 
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according to the locality. Observations of the amount and the 
direction of this variation have been made in nearly all parts of the 
world. In the United States the Variation in the Eastern States 
is Westerly, and in the Western States is Easteriy, as will be 
given in detail, after the methods for determining the True Meri- 
dian, and consequently the Variation, at any place, have been 




TO DETERMINE THE TRUE MERIDIAN. 

(SOO) By equal sbadoirs of the Sun. On the South dde of 
any level surface, erect an up- Fig.^aoo. 

right staff, shown, in horizon- 
tal projection, at S. Two or 
three hours before noon, mark 
the extremity. A, of its shadow. 
Describe an arc of a circle with 
S, the foot of the staff, for cen- 
tre, and SA, the distance to 
the extremity of the shadow, for radius. About as many hours 
after noon as it had been before noon when tiie first mark was 
made, watch for the moment when the end of the shadow touches 
the arc at another pomt, B. Bisect the arc AB at N. Draw SN", 
and it will be the true meridian, or North and South Ime required. 

For greater accuracy, describe several arcs before hand, mark 
the points in which each of them is touched by the shadow, bisect 
each, and adopt the average of all. The shadow will be better 
defined, if a piece of tin with a hole through it be placed at the top 
of the staff, as a bright spot will thus be substituted for the less 
definite shadow. Nor need the staff be vertical, if from its summit 
a plumb-line be dropped to the ground, and the point which this 
strikes be adopted as the centre of the arcs. 

This method is a very good approximation, though perfectly 
correct only at the time of the solstices ; about Juno 21st and 
December 22d. It was employed by the Romans in laymg out 
cities. 

To get the Variation, set the compass at one end of the True 
Meridian line thus obtained, sight to the other end of it, and take 
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the Bearing as of any ordinary line. 'Xhe number of degrees in 
tbe reading will be tfae desired variation of the needle. 

imiy By the North Star, when in the Meridian. The North 
Star, or Pole Star, (called by astronomers Alpha Ursce Minoris, 
or Polaris'), is not situated precisely at the North Pole of the 
heavens. If it were, the Meridian could be at once determined by 
sighting to it, or placing the eye at some distance behind a plumb- 
line so that this line should hide the star. But the North Star is 
about l^'^ from the Pole. Twice in 24 hours, however, (more 
precisely 23h, 56m.), it is in the Meri- Fig, soi. 

dian, being then exactly above or below __ * 

the Pole, as at A and C in the figure. To ^-■^'' ~'" •■-,, 

know when it is so, is rendered easy by the / 

aid of another star, easily identified, which -' 1', 4d 

at these times is almost exactly above or 

below the North Star, i, e. situated in the 

same vertical plane. If then we watch for '^-■•■....^f---'' 

the moment at which a suspended plumb- C 

line will cover both these stars, they will then be in the Meridian. 

The other star is in the well known constellation of the Great 

Bear, called also the Plough, or the Dipper, or Charles's Wain. 

Fig. 202. 'Fig. 303. 



\ 



/ 



Two of its five bright stars (the right-hand ones in Fig. 202) are 
known as the "Pointers," from their pointing near to the North 
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Star, thua assisting in finding it. The star in the tail or handle, 
nearest to the four which form & quadrilateral, is tho star which 
eomes to the Meridian at the same time with the North Star, 
twice in 24 hours, as in Fig, 202 or 203. It is known as Aliotfi, 
or Epgilon Vrsce Majoris.' 

To determine the Meridian by this method, suspend a long 
plumb-line from some elevated point, such as a stick projecting 
from the highest window of a house suitably situated. The plumb- 
bob-may pass into a pail of water to lessen its vibrations. South 
of this set up the compass, at such a distance from the plumb-line 
that neither of the stars will be seen above its highest point, i. e. 
in Latitudes of 40° or 50°notquiteaflfarfrom the plumb-line as it is 
long. Or, instead of a compass, place a board on two stakes, so 
as to form a sort of bench, running East and West, and on it place 
one of the compass-sights, or anything having a small hole in it to 
look through. As the time approaches for the North Star to be 
on the Meridian (as taken from the table given below) place the 
compass, or the sight, so that, looking through it, the plumb-line 
shall seem to cover or hide the North Star. As the star moves 
one way, move the eye and sight the other way, so as to constantly 
keep the star behind the plumb-iine. At last Alhth, too, will be 
covered by the plumb-hne. At that moment the eye and tho 
plumb-hne are (approximately) in the Meridian. Fasten down the 
sight on the board till morning, or with the compaas take the bear- 
ing at once, and the reading is the variation.! 

Instead of one plumb-line and a sight, two plumb-lines may be 
suspended at the end of a horizontal rod, turning on the top of a 
pole. 

The hne thus obtained points to the East of the true line when 
the North Star is above Alioth, and vice versa. The North 
Star is exactly in the Meridian about 17 minutes after it has been 
in the same vertical plane with Alioth, and may be sighted to after 
that interval of time, with perfect accuracy. 

* * The North Pole ia veiy nearly at tht- intersection of tho lino from Polaris to 
Aliotli, and a perpendicular lo this liue from the small scar seen t'l the leit of it in 

Fig. aoa. 

t If a. Transit or Theodolite be ased, the cross-hairs must be iUurainaleit by 
throwing the lighl of a lamp into the telescope by its reflection from while paper. 
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Another bright star, which is on the opposite side of the Pole, 
and is known to astronomers as Gamma Oassiopeice, aJso comes on 
the Meridian nearly at the same time as the North Star, and wiH 
thus assist in determining its direction. 



(802) The time ai which the North Star passes the Meridian 
above the Pole, for every 10th day in the year, is given in the fol- 
lowing Table, in common clock time." The upper transit is the 
most convenient, since at the other transit AJioth is too high to be 
7 observed. 



i 


MONTH. 


1st DiT. 


11th DAT. 


21st DAT. 




II. M. 


H. M. 


H. M. 


January, 
Febraary, 
March, 


6 21 p. M, 
4 18 p. M. 
2 28 p. M. 


5 41 p. M 
3 39 J. M. 
1 49 p. 11 


5 02 p 
3 00 p 
1 09 p 


M. 
M. 
M. 


■^ 


April, 


26 p. M. 


11 47 A. M 


11 08 A 


M. 


2, 


May, 


10 28 A. M. 


9 49 A. M. 


9 10 A 


M. 


1 


June, 


8 27 A. M. 


7 48 A. M. 


7 08 A 


M. 


July, 


6 29 A. M. 


5 50 A. M. 


5 11 A 


M. 


fe 


August, 

September, 

October, 


4 28 A. M. 
2 26 A. M. 
28 A. M. 


3 49 A. M. 
1 47 A. Ji. 
11 45 p. M. 


3 09 A 
1 07 A 
11 06 p 


M. 
H. 


s 


November, 


10 22 p. M. 


9 43 p. H. 


9 04 p 


M. 


December, 


8 24 P. M. 


7 45 p. M. 


7 06 p 


M. 



* Til calcnlate the time of the North Slav paBsing the Meridian at ila upper cul- 
minalion; Find in the " Amerieau Almanac," (Boston), or the "Astronomical 
Bphemeria,"(WaBliini;ion), ov llio " Nautical Almanac," (London), or by interpo- 
latinn from the data at tlie end of this note, the right asceusion of the etar, and from 
il (increaied by twenty-four hours if necessary to render the snh^p'action possible) 
lublractthB Bight ascensian of the San at nieaii uoon,ot- the sidereal time at 
mean noon, for the given day, as found in the " Ephemeria of the Sun," in the 
same Almanacs. From the remainder sabtract the acceleration of sidereal on 
mean time correapondins to this remainder, (3m. 56b. for 24 hours), and the new 
. remainder is ihe required mean solar lime of the upper jiassage of the alar ocroaa 
the Meridian, in "Astronomical" reckoning, the astronomical day beginning at 
noon of the common civil day of the same dale. 

The right aacenaion of ihe Nnrlh Star for Jan, 1, 1850, is Ih. 05m. 01.4s. ; for 
1860, Ih. 08m. Oa.Ss. ; for ISTO, Ih. llm. lOs. ; for 1880, Ih. 14m. 45.1a. ; fur 
1B90, Ih. I8m. 29.28. ; for 1900, Ih. Sim. 31a. 

13 
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To find the time of the star's passage of the Meridian for other 
days thao those given in the Table, take from ii: the time for the 
day most nearly preceding that desired, and subtract from this 
time 4 minutes for each day from the date of the day in the Table 
to that of the desired day ; or, more accurately, interpolate, by 
saying : As the number of days between those given in the Table 
ig to the number of days from the next preceding day in the Table 
to the desired day, so is the difference between the times given in 
the Table for the days next preceding and following the desired 
day to the time to be subtracted from that of the next preceding 
day. The first t€rm of the preceding proportion is always ten, 
except at the end of months having more or less than 30 days. 
For example, let the time of the North Star's passmg the Meridian 
on July 26th be required. From July 21st to August let being 
11 days, we have this proportion : 11 days i 5 days : : 43 minutes : 
19/j minutes. Taking this from 5h. lira. A. M., we get 4h. 
51^m. A. M. for the time of passage required. 

The North Star passes the Meridian later every year. In 
1860, it will pass the Meridian about two minutes later than in 
1854; in 1870, five minutes, in 1880, eight minutes, in 1890, 
twelve minutes, and in 1900, sixteen minutes, later than in 1854: 
the year for which the preceding table has been calculated. 

The times at which the North Star passes the Meridian helo'W 
the Pole, in its lower Transit, can be found by adding llh. 58m, 
to the time of the upper Transit, or by subtracting that interval 
from it.* 

(303) By the North Star at its extreme elongation. When 

the North Star is at its greatest apparent angular distance East or 
West of the Pole, as at B or D in Fig. 201, it is said to be at its 
extreme East^n, or extreme Western, Elongation, If it be observed 
at either of these times, the direction of the Meridian can be easily 

' The Norlli Slav, whi 
from it when ila place wi 

late of about a third of a minute ia a year, and will conti 
proaehes to within half a degi^e, when it will again reced 
in the Novfhem hemiapiiere, Alpha Lyra, will be (he Pol* 
years, being then within aljout 5* of Ihe Pole, though now 
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obtained from the observation. The great advantage of this method 
over Uie preceding is that then the star's motion apparently ceases 
for a short time, 

(304) The followbg Table gives tiie 

TIMES OF EXTREME ELONGATIONS OE THE NORM STAB.* 



MOSTH. 


1st Day. 


llxH Day. 


21ST Day. 1 




EASTERN. 


WESTERN. 


EASTERN. 


WESTERN. 


EASTERN. 


WESTERN. 




H. M. 


H. M. 


&. M. 


a. M. 


H. M. 


H. M. 


Jan'y, 


27 p.m. 


019 a.m. 


1147 a.m. 


11 35 p.M 


1108 a.m. 


10 56 p.m. 


Peb'y, 


10 24 a.m. 


10 13 p.M 


945A.M 


9 33P.M 


906A.M 


8 54 p.m. 


Marck, 


834a.m. 


8 22P.M 


7 65A.M 


7 43P.M 


716 a.m. 


7 04 p.m. 


April, 


632a.m. 


6 20 P.M 


553A.M 


6 41 P.M 


514A.K. 


6 02 p.m. 


May, 


434a.m. 


4 22 P.M 


355A.M 


3 43 P.M 


316 a.m. 


3 04 p.m. 


June, 


238A.M 


2 21 P.M 


153A.M 


142 P.M 


114 a.m. 


102 p.m. 


July, 


35A.M 


23 P.M 


11 62 P.M 


1144A.M 


11 13 p.M 


1105 a.m. 


August 


10 30P.M 


10 22A.M 


9 61 P.M 


943A.M 


9 11 p.M 


9 03 a.m. 


Sept'r, 


8 28r.M 


8 20A.M 


7 49 p.M 


741i.M 


7 09 p.M 


7 01a.m. 


Oct'r, 


6 SO P.M. 


6 22 a.m. 


6 61 p.M 


543A.M 


5 12 p.M 


5 04 a.m. 


NoT'r, 


4 28 p.m. 


4 21a.m. 


3 49 p.M 


341A.M 


3 10 p.M 


3 02 a.m. 


Dec'r, 


2 30 p.m. 


2 22 a.m. 


151 p.M 


143A.M 


112 p.M 


1 04a,m, 



Elongations from October to March, and 1 
a from April to September, occurring ii 
generally not be visible except with the 



he Vfesb- 
the day 
^d of a 



The Eastern 
em Elongation 
time, they will 
powerful 

* To calculate llie times of the greatest elongation of the North Star : Find in 
one of the Almauaca before referied lo, or from Ihe data below, its Polar dis- 
tance at the given time. Add the logafithm of ita tangent tu the logarithm of the 
tangent of the Latitnde of the place, anil the Biim will be the logarithm of the 
cosine of the Hour angle before or after the culmination, Eednce the ipace to 
time ; correct for sidereal acceleration (3m, 569. for 24 hours) and suhlrftct the 
result from the time of (he star's passing the meridian on that day. to gtt the time 
of the Eastern elongation, or add it lo get the Weatern. 

The Polar distance of the North Star, for Jan. I, 1850, is P 39" 25"; for 1860, 
1" 26' IS".7! for 1870, 5« 23" 01"; for 1880, 1" 19' 50",1; for 1890, 1° 16' iV'.T, 
for 1900, 1' 13' 3a".S. 
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The preceding Table was calculated for Latitude 40°. The 
I5me at which the Elongations occur vary slightly for other Lati- 
tudes. In Latitude 50°, the Eastern Elongations occur about 2 
minutes later ant! the Weatem Elongations about 2 minutes earlier 
than the times in the Table. In Latitude 26°, precisely the 
reverse takes place. 

The Times of Elongation are continually, though slowly, becom- 
ing later. The preceding Table was calculated for July 1st, 1854. 
In 1860, the times will be nearly 2 minutes later; and in 1900, 
tlie Eastern Elongations will be about 15 minutes, and the Western 
Elongations 17 minutes later than in 1854. 

(305) Observations* Knowing from the preceding Table the 
hour and minute of the extreme Elongation on any day, a little 
before that time suspend a plumb-line, precisely as in Art. (3*1), 
and place yourself south of it as there directed. As the North 
Star moves one way, move your eye the other, so that the plumb- 
line shall continually seem to cover the star. At last the star will 
appear to stop moving for a time, andjthen begin to more back- 
wards. Eix the sight on the board (or the compass, &c.) in the 
position in which it was when the star ceased moving ; for the star 
was then at its extreme apparent Elongation, East or West, as the 
case may be. 

(306) AzimntbSt The angle which the line from the eye to the 
plumb-line, makes ivith the True Meridian (i. e. the angle between 
the meridian plane and the vertical plane passing through the eye 
and the star) is called the Azimuth of the Star. It is given in the 
following Table for different Latitudes, and for a number of years to 
come. For the intermediate Latitudes, it can be obtained by a 
simple proportion, similar to that explained in detail in Art. (302)-' 

' To calculate this Azimuth ; From the logarithm of the sine of the Polar dia 
lance of the star, subtract the logarithm of the cosine of the Latitude of the place ; 
the remainder will be the loganlhm of the sine of the angle required. The Po- 
lar distance can he obtained as directed in the last note. 
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AZIMUTHS OF THE 


^ORTH 


Tin. 






L..»d. 


1864 


1855 


1856 


1867 


1858 


1859 


1860 


1870 


50' 


2°16J 


2°16i 


2° 16' 


20 15J 


2° 15' 


20 14J 


2° 14} 


2=09} 


49° 


2° 14' 


2°13J 


2°13J 


2°12J 


2° 12; 


2° 12' 


20114 


2= 06J' 


480 


2°11J 


2° 11' 


2° lOJ' 


2=10i 


2o09| 


2° 09} 


2° 09' 


2° 04' 


470 


2° 09' 


2° 08J' 


2=08' 


2° 07} 


2° 071 


2=06} 


20 064 


20 01}' 


460 


2°06| 


2°06l' 


2°06i' 


2° 05JI' 


2' 05' 


2° 04J' 


20 04}' 


1°694' 


460 


2°04J 


2° 04' 


2° 03J' 


2° OSJ' 


2° 02}' 
2° 01' 


2= 02}' 


2=02' 


10574' 


44° 


2°02J' 


2° 02' 


2° Oil' 


20 OliS' 


2o00i' 


2° 00' 


1°554' 


4SO' 


2° OOJ' 


2° 00' 


1° 59J' 


1059' 


1° 58}' 


1° 68}' 


1°58' 


1° 534' 


42= 


1° 58J' 


10 58' 


1° 57 J' 


1°67J' 


1°56}' 


1=665' 


1=66' 


I06I}' 


410 


1° 66|' 


1° 66i' 


1° 66|' 


I066V 


i°6a 


1=544' 


l°64i' 


1°60' 


40= 


1°66' 


1° 64J' 


1°54' 


10 63}' 


1° 53t' 


1=63' 


1° 624' 


1° 48}' 


39° 


1°53} 


1°62}' 


1°62V 


10 62' 


1°51}' 


10 51}' 


1=61' 


1046}' 


38° 


l°61i 


1° 611' 


10.61' 


10 60J' 


1°60' 


1=49}' 


1°494' 


1°46}' 


37° 


l°60j 


1° 49}' 


1°49J' 


1049' 


10 48}' 


1°48}' 


l°48f 


1044' 


36° 


1°48 ' 


1°48}' 


lo,48' 


1°47|' 


10474- 


1=47' 


i"46:j; 


1043}' 


35° 


1°47J' 


1°47' 


1° 461' 


1°461' 


10 46' 


1° 46S' 


1° 45}' 


1°,414' 


340 


1°46J' 


1°46 ' 


1° 46J' 


1° 46' 


1° 44}' 


10 44}' 


1°44' 


10,40}' 


330 


1?45' 


1°44 ' 


I044J' 


1° 43J' 


10 4SV 


1=43' 


1° 42|' 


1039' 


32° 


1°44' 


1°43' 


1043' 


1° 42|' 


1° 42}' 


1°42' 


10414' 


1°38' 


31° 


1042.' 


1° 42i' 


1°42' 


1°4H' 


1°41' 


1° 40}' 


1= 404' 


1°S7' 


30° 


1° 41J' 


1°41J' 


1°41' 


I04OI' 


l°40t' 


1°40' 


1° 395' 


1°36' 



(3«7) SettiHff oul a MeridiaD. When two points in tlie 
tion of the North Star at its extreme elongatitHi have heen f 
obtained, as in Art. (305)? the True Meridian can be 
found thus. Let A and B he the two pMnta. Multiply the 
natural tangent of the Azimuth gjven in the Table, by the 
distance AE. The product will be the length of a line 
which is to be set off from E, perpendicular to AB, to 
some point C. A and C nill then be points in the True 
Meridian. This, operation may be postponed till morning. 

If the directions of both the extreme Eastern and extreme 
Western elongations be set out, the line lying midway 
between them will be the True Meridian. 
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(308) Delermining the TarlatioD. The variation would of 
course be given by taking the Bearing of the Meridian thus 
obtained, but it can also be determined by taking the Bearing of 
the star at the time of the extreme elongation, and applying the 
following rules, 

Wlien the Azimuth of the star and its magnetic bearing are one 
East and the other West, the sum of the two ia the Magnetic Vari- 
tion, which is of the same name as the Azimuth ; i.e. East, if l^at 
be East, and West, if it be West. 

When the Azimuth of the star and its Magnetic Bearing are 
both East, or both West, their difference is the Variation, which 
will be of the same name as the Azimuth and Bearing, if the Azi- 
muth be the greater of the two, or of the contrary name if the 
Azimuth bo the smaller. ^'S- ^os. 

All these cases are presented together in the T . « 
figure, in which P is the iSTorth Pole ; Z the place 
of the observer ; ZP the True Meridian ; S the 
star at ite greatest Eastern elongation ; and ZN, 
ZN',ZN", various supposed directions of the needle. 

Call the Azimuth of the star, i. e. the angle 
PZS, 2= East. 

Suppose the needle to point to N, and the Bear- 
ing of the star, i. e. SZN, to be 5° West of Mag- 
netic North. The variation PZN will evidently be 
1° East of true North. 

Suppose the needle to point to N', and the bearing of the star, 
i. e. N'ZS, to be 1^? East of Magnetic North. The Variation 
wiU be 1° East of true North, and of flie same name as the Anmuth, 
because that is greater than the bearing. 

Suppose the needle to point to N" and the bearing of the star, 
i. e. N"ZS, to be 10" East of Magnetic North. The Variation 
will be 8' West of true North, of the contrary name to the Azimuth, 
because that is the smaller of the two.* 

" Algel)raically, always subtract ll 
maiuder its proper reaullirg algebra! 

and West, if minus. Thus iu the Brat case above, the Variation = -J- 2° — 
(—5')= -i-7° = 7''East. In the second case, the Variation = + 3° — (-f- li°) 
-= 4- i" = 1° East. In the third case, the Variation = -(- 9= — (-|- 10=) = 
— 8° =- 8° West. 




eBBarina fmm the Azimuth, and give the re- 
;sigii. ft will be the Variation; Eaitifplua, 
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If the star was on the other aide of the Pole, the rules would 
apply likewise. 

(309) Other Methods. Many othei methods of detenuinbg the 
true Meridian are employed ; such as hj equal altitudes and aat- 
muths of the sun, or of a star ; by one azimuth, knowing the time ; 
hy observations of circumpolar stars at equal times before and after 
their culmination, or before and after their greatest elongation, &e. 

All these methods however require some degree of aatronomieaJ 
knowledge ; and those which have been explained are abundantly 
sufficient for all the purposes of the ordinary Land-Surveyor. 

"Burt's Solar Compass" is an instrument by which, "when 
adjusted for the Sun's declination, and the Latitude of the place, 
the aaimuth of any line from the true North and South can be read 
off, and the difference between it and the Bearing by the compass 
will then be the variation." 

(310) Magnetic rarlatlen In the UDlled Stales. The vari- 
ation in any part of the United States, east of the Territories, can 
be approximately obtained by mere inspection of the map at the 
beginning of this volume." Through all the places at which the 
needle in 1840,f pomted to the true North, a line is drawn on the 
map, and called tiie lAne of no Variation. It will be seen to be 
nearly straight, and to pass in a N.N.W. direction from a Uttle 
West of Cape Hatteras, N. C, through the middle of Virginia, 
about midway between Cleveland, (Ohio), and Erie, (Pa.), 
and through the middle of Lake Erie and Lake Huron. If followed 
South-Easterly it would be found to touch the most Easterly point 
of South America. It is now slowly moving Westward. 

At all places situated to the East of this line (including the 
New-England States, New-York, New-Jersey, Delaware, Maryland, 
nearly all of Pennsylvania, and the Eastern half of Virgmia 
and North Carolina) the Variation is Westerly, i. e. the North end 
of the needle points to the West of the true North. At all places 

* Copied (iiy permission) fi'om one prepared by Prof. Loomia by the reiluclion 
of numei-ous obeervationa, and originally published in SJIliniao's "American Jour- 
nal of Science," for Oct, 1840, Vol. xxxix, p. 41. 

t A gradual chaijge in the Variation is going on irom year to year, as nil! ba 
explained in the next Chapter. 
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situated to the West of this line (including the Western and South- 
ern States) the Variation is ea3t«rly, i. e, the North end of the 
needle pomts to the East of the trae North. This variation in- 
creases in proportion to the distance of the place on either side of 
the line of no variation, reaching 21° of Easterly Variation in Ore- 
gon, and 18° of Westerly Variation in Maine. 

IAtub of equal Variation are lines drawn through all the places 
which have the same variation. On the map they are drawn for 
each degree. All the places situated on the hne marked 1°, East 
or West, have 1° Variation ; those on the 2° line, have 2" Varia- 
tion, &c. The variation at the intermediate places can be approxi- 
mately estimated by the eye. These lines £dl refer to 1840. 

The lines of equal Variation, if continued Northward, would all 
meet in a certain point called the Magnetic Pole, and situated in 
the neighborhood of 96° West Longitude from Greenwich, and 70° 
of North Latitude. Towards this pole the needle tends to point. 

Another Magnetic pole is found in the Southern hemisphere ; 
but the farther development of this subject belongs to a treatise on 
Natural Philosophy. 

The Variation on the Pacific slope of this country has been very 
imperfectly ascertained. A few leading points are as below. 



Califoi 


nia ; Point Conception, 


Sept. 1860, 13» 49J 


'E. 




Point Penos, Monterey, 


Feb. 1861, 14° 68' 


E. 




Presidio, San Francisco, 


Feb. 1852, 15" 27" 


E. 




San Diego, 


Mar. 1861, 12" 29' 


E. 


Oregoi 


1 ; Cape Disappointment, 


Jnly, 1851, 20- 45' 


E. 




Ewing Harbor, 


Nov. 1861, 18° 29' 


E. 


Wash. 


Ter'y. Scarboro' Harbor, 


Aug. 1852, 21" 30' 


E. 



(311) To correct Magnetic Bearings. The Variation at any 

place and time being known, the Magnetic Bearings taken there 
and then, may be reduced to their true Bearings, by these Kules. 
Rule 1. Wft^n the Variation is Wegt, as it is in the North- 
Eastam States, the true Bearing will be the sum of the Variation 
and a Bearing which is North and West, or South and East ; and 
the difference of the Variation and a Bearing which is North and 
East, or South and West. To apply this to the' cardinal points, a 
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North Bearing must be called N. 0" West, an East Bearing N. 
90' E., a SoutJi Beariug S. 0" E., and a West Bearing S. 90° W. ; 
counting around from N' to N, in the figure, and so onward, " with 
the Sun." 

The reaaona for these corrections *■'§■ 206. 

are apparent from the Figure, in which 
the dotted lines and the accented let- 
ters represent the direction of the nee- 
dle, and the full lines and the unac- 
cented letters represent the true North w— 
and South and East and West lines. ^ 

When the sum of the Variation and 
the Bearing ia directed to be taken, 
and comes to more than 90°, the sup- 
plement of the sun; is to be taken, and the first letter changed. 
When the difference is directed to be taken, and the Variation is 
greater than the Bearing, the last letter must be changed. A 
diagram of the case will remove all doubts. Examples of all these 
cases are given below for a Variation of 8° West. 



n 



MAKSETIC 


TRUE 


MAGNETIC 


TRUE 


BEARING. 


BEARING. 


BEARING. 


BEARING. 


North. 


. Jf. S' W. 


South. 


S. 8° E. 


N. I'E. 


N. 7" W. 


S. 2° ff. 


s. e°E. 


N. 40" E. 


N. S2° E. 


S. 60° W. 


S. 52° W. 


East. 


N. 82° E. 


West. 


S. 82° W. 


S. .50' E. 


S. 58° E. 


N. 70° W. 


N. 78° W. 


S. 89° E. 


N. 8S° E. 


N. 83° W. 


S. 89° W. 



Rule 2. When the Variation is 
East, as in the Western and Southern 
States, the preceding directions must 
be exactiy reversed ; i. e, the true 
Bearing will be the difference of the 
Variation and a Bearing which is 
North and West, or South and East ; 
and the sum of the Variation and a 
Bearing which is North and East, or 
South and West. A North Bearing 



Fig. 307. 
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must be called N. 0° E., a West Bearing N. 90= TV., a South 
Bearing S. 0° W,, and an East Bearing S. 90° E., counting from 
N' to N, and ao onward, "against the sun." The reasons foi 
these rules are seen in the Figure. Examples are given below, foi 
a Variation of 5° E. 



MAGNETIC 


TRUE 


MAGNETIC 


TRUE 


BEAEISG. 


BEARING. 


BEARING. 


BEARING. 


Nortk. 


N. 5° E. 


South. 


S. 5° W 


N. 40° E. 


N. 45° E. 


S. 60° W. 


S. 65° W. 


N. 89" E. 


S. 86° E. 


S. 87° W. 


N. 88° W. 


East. 


S. 86° E. 


West 


N. 85° W. 


S. l-E. 


S. 4° W. 


N. 70° W. 


N. 65° W. 


S. 50- E. 


S. 45° B. 


N. 2° W. 


N. 3°E. 



(312) To snrrey a line with true Bearings. The < 

maj be set, or adjusted, by means of the Vernier, (noticed in Arts, 
(229) and (237), and shown in Pig. 148, page 126) according to 
the Variation in any place, so that the Bearings of any lines then 
taken with it will he their true Bearings. To effect this, turn aside 
the compass plate, by means of the Tangent Screw which moves 
the Vernier, a number of degrees equal to the Variation, moving 
the S. end of the Compass-box to the riffht, (the North end being 
supposed to go ahead^ if the Variation be Westerly, and vice versa; 
for that moves the North end of the Compass-box in the contrary 
direction, and thus mates a line which before was N. by the nee- 
dle, now read, as it should truly, North, so many degrees, West 
if the Variation was West ; and similarly in the reverse case. 
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CHANGES IN THE T&RUTION. 

(313) The Changee in the Variation are of more practical 
importance than its absolute amount. They are of four kinds : 
Irregular, Diurnal, Annual and Secular. 

(314) IrregDiar changes. The needle is subject to sudden 
and violent changes, which have no known law. They are some- 
times coincident with a thunder storm, or an Aurora BoreaUa, 
(during which, changes of nearly 1° in one minute, 2^° in eight 
minutes, and 10° in one night, have been observed), but often 
bare no apparent cause, except an otherwise invisible " Magnetic 
Storm." 

(315) The Diurnal change. On continuing observations of 
the direction of the needle throughout an entire day, it will 
be found, in the Northern Hemisphere, that the North end 
of the needle moves Westward from about 8 A. M. till about 2 
P. M. over an arc of from 10' to 15', and then gradually returns 
to its former position.* In the Southern Hemisphere, the direction 
of this motion is reversed. The period of this change being a day, 
it is called the Jtiumal Variation. Its effect on the permanent 
Variation is necessarily to cause it, in places where it is West, to 
attain its maximum at about 2 P. M., and its minimum at about 8 
A. M. , ind the reverse where the Variation is East. 

This Diumil change adds a new element to the inaccuracies of 
the compass , since the Bearings of any line taken on the same 
day, at a few hours interval, might vary a quarter of a degree, 
which would cause a deviation of the end of the line, amounting to 
nearly half a link at the. end of a chain, and to 35 links, or 23 
feet, at the end of a mile. The hour of the day at which any 
important Bearing is taken should therefore be noted. 

* A aimilar but smaller movement '.akea pLace during the nigbt. 
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(316) Tbe Annnal change. If the observations be continued 
throughout an entire jear, it will be found that the Diurnal changes 
vary with the seasons, being about twice as great in Summer as in 
Winter. The period of this change being a year, it is called the 
Annual Variation. 

(S17) The Secular change. When accurate obsen'ationa on 
the Variation of the needle in the same place are continued for 
several years, it is found that there is a continual and tolerably 
regular increase or decrease of the Variation, continuing to pro- 
ceed in the same direction for so long a period, that it may be 
called the Seaular change of Variation." 

The most ancient observations are those taken in Paris. In the 
year 1541 the needle pointed 7° East of North ; in 1580 the Vari- 
ation had increased to 11^° East, being its maximum ; tbe needle 
then began to move Westward, and in 1666, it had returned to the 
Meridian; the Variation then became West, and continued to 
increase till in 1814 it attained its maximum, being 22= 34' West 
of North. It is now decreasing, and in 1853 was 20° 17' W. In 
London, the Variation iu 1576 was 11° 15' E. ; in 1662, 0° ; in 
1700, 9° 40' W. ; in 1778, 22° 11' W. ; in 1815, 24° 27' W. ; 
and in 1848, 23° 8' W. 

In this country the north end of the needle was moving Eastr 
ward at the earliest recorded obsen'ations, and continued to do so 
till about the year 1810 (variously recorded as from 1793 to 
1819), when it began to move Westward which it has ever since 
continued to do. Thus, in Boston, from 1708 to 1807 the Varia 
tion changed from 9° W. to 6° 5' W., and from 1807 to 1840, it 
changed fiom 6° 5' W. to 9° 18' W. 

Valuable Tables of the Secular changes of the Variation in vari 
ous parts of the United States have been published by Prof. Loomis 
in Silliman's " American Journal of Science," Vol. 34, July, 1838, 
p. 301; Vol. 39, Oct. 1840, p. 42; and Voh 43, Oct. 1842, 
p. 107. An abstract of the most reliable of them is here given. 
'Troy and Schenectady are from other sources. 
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PLACE. 


LATITUDE 


LOHGITDDES. 


DATES. 


ANNUAI 
MOTION. 


Burlington, Vt. 


44= 27' 


73= 10' 


1811...1S34 


4'.4 


ChesterSeld, N. H. 


42° 53- 


72= 20' 


1820... 1836 


6'.4 


Deerfield, Mass. 


42» 84' 


72= 29' 


1811,..1837 


6'.7 


Cambridge, Mass. 


42= 22' 


71= 7' 


1810...1840 


8'.4 


New-H«veo, Com. 


41= 18' 


72= 68' 


1819...1840 


4'.6 


Keesevffle, N. ¥. 


44= 28' 


73= 32' 


1826...1838 


5'.4 


Albany, N. Y. 


43= 39' 


73= 45' 


1818...1842 
1842...1864 


3'.6 
4'.9 


I'toj, S. Y. 


42= 44' 


73= 40' 


1821...1837 


6'.2 


Schenectady, N. Y. 


42= 49' 


73= 56' 


1829...1841 
1841...1864 


7'.2 
6'.0 


New-York City. 


40= 43' 


74= 01' 


1824...1837 


8'.7 


Philadelphia. 


39= 57' 


75= 11' 


1813...1837 


3'.6 


MilledgeviUe, Ga. 


33= 7' 


88= 20' 


1806...1835 


1'.7 


Mobile, Ala. 


30= 40' 


88= 11' 


1809...1835 


2'.2 


Cleveland, 0. 


41= 30' 


81= 46' 


1826...1838 


4'.5 


Marietta, 0. 


39= 25' 


81= 26' 


1810...1838 


2'.4 


Cincinnati, 0, 


39= 6' 


84= 27' 


1825...1840 


2'.0 


Detroit, Mich. 


42= 24' 


82=68 


1822...1840 


4'.3 


Alton, Dl. 


38= 52' 


90= 12' 


1836...1840 


S'.O 



Prom these and other observations it appears that at present the 
lines of equal variation are moving Westward, producing an annual 
change of variation (increasing the Westerly and lessening the 
Easterly) which is different in different parts of the country, and 
is about five or six minutes in the North-Eastem States, three or 
four minutes in the Middle States, and two minutes in the Southern 
States. 



(318) Delermlnatlon of tbe change, by Interpolation. To 

determine the change at any place and for any interval not found 
in the recorded observations, an approximation, sufBcient for most 
purposes of the surveyor, may be obtained by interpolation (by a 
simple proportion) between the places ^ven in the Tables, assum- 
ing the movements to have been nmform between the given dates ; 
and also assuming the change at any place not found in the Tables, 
to have been intermediate between those of the lines of equal variar 
tion, which pass through the places of recorded observations on 
each side of it, and to have been in the ratio of its respective dis- 
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tancea from thoae two lines ; for example, taking their arithmetical 
mean, if the required place is midway between them ; if it be twice 
aa near one aa the other, dividing the stim of twice the change of 
the nearest line, and once the change of 'the other, by three ; and 
so in other caaea ; i. e. giving thecb;inge at eaoh place, a "weight" 
inveraely aa ita diatance from the place at which the change is to 
be found. 

(S19) DelcrmlDation of the chaDge, by old lines. When 
the former Bearing of any old line, such aa a farm-fence, &c. is 
recorded, the change in the Variation from the date of the ori^naJ 
observation to the present time can be at once found by setting the 
compaas at one end of the line and aighting to the other. The 
difference of the two Bearings is the required change. 

If one end of the old line cannot be seen from the other, as is 
often the case when the line ia fixed only by a " comer" at each 
end of it, proceed thus. Run a line from one comer with the old 
Bearing and with ita distance. Measure the distance from the end 
of this line to the other comer, to which it will be opposite. Mul- 
tiply this distance by 57,3, and divide by the length of the line. 
The quotient will be the change of variation in degrees.* 

For example, a line 63 chains long, in 1827 had a Bearing of 

North 1° East. In 1847 a trial line was run from one end of the 

former line with the same Bearing and diatance, and ita other end 

was found to be 125 Hnks to the West of the trae comer. The 

1 25 X 57 3 
change of Variation was therefore — — — — — = 1°.137 = 1~ 8' 

Westerly. 

■ Let AB be the original litiR ; AC ihe liial line, Fig, 208. 

and BC ihe dislance between theii' < ilremities. , 
AB and AC may be rej;arded ob radii of a circle 
and BC as a chord of the arc which sublenda their 
angle. Aaauming the chord and arc to coincide 
(which they will, nearly, for amall iiiigles) we 
have thia propoition ; Whole circHniferriicB : arc 

BC : : 360O : BAG : or, 2 X AC X 3- H16 : BC ' 

, : 360* : BAC, whence BAG = ^ X 57-3 ; or more precisely 57,29578, 
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These are exceedingly 
Fig. ao9. 




; the line AB, which before 



(320) Efi^cts of the Secular change. 

important in the re-survey of farms 
by the Bearings recorded in old 
deeds. Let SN denote the direc- 
tion of the needle at the time of "-^^ 
the original Survey, and S'N' its 
direction at the time of the re-sm^ 
vey, a number of years later. 
Suppose the change to have been 
3°, tbe needle pointing so much 
farther to the west of North. The 
line SN, which before was due 
North and South by the needle 
will now bear N. 3° E. and S. 3 
was N. 40° E. will now bear N. 43° E ; the line DF which before 
was N. 40' W. will now bear N. 37° W; and the line WE, which 
before was due East and West, will now bear S, 87° E. and N. 
87° "W. Any line is similarly changed. The proof of this is appa- 
rent on inspecting the figure. 

Suppose now that a surveyor, ignorant or neglectful of this 
change, should attempt to run out a ^'"' "'"■ 

farm hj the old Bearings of the 
deed, none of the old fences or cor- 
ners remaining. The full lines in 
the figure represent the original 
bounds of the farm, and the dotted 
lines those of the new piece of land 
which, starting from A, he would 
unwittingly run out. It would be of 
the same size and the same shape as 
the true one, but it would be in the 
wrong place. None of its lines 
would agree with the true ones, and 
in some places it would encroach on 
one neighbor, and in other places 
would leave a gore which belongs to it, between itself and another 
neighbor. Yet this b often done, and is the source of a great part 
of the litigation among farmers respecting their " lines." 
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(321) To run eut old lines. To succeed in retracing old 
lines, proper allowance must be made for the change in tie varia^ 
tion since the date of the original survey. That date must first 
be accurately ascertained ; for the survey may be much older than 
the deed, into which its hearings may have been copied from an 
older one. The amount and direction of the change is then to be 
ascertained by the methods of Arts. (318) or (319). The bear- 
ings may then be corrected by the following Bcles. 

When the North end of the needle has been moving Westerly, 
(as it has for about forty years), the present Bearings wiU he the 
sums of the change and the old Bearings which were North-Eaat- 
erly or South- Westerly, and the differencet of the change and 
the old Bearings which were North- Westerly or Soutli-Easteriy. 

If the change have been Easterly, reverse the preceding rules, 
subtractmg where it is directed to add, and adding where it is 
directed to subtract. 

Run out the lines with the Bearings thus corrected. 

It will be noticed that the process is precisely the reverse of 
that in Art. (311). The rules there given in more detail, may 
therefore be used ; Role 1, " when the Variation is West," being 
employed when Uie change has been a movement of the N. end 
of the needle to the East ; and Rule 2, " when the Variation is 
East," being employed when the N. end of the needle has been 
moving to the West. 

If the compass baa a Vernier, it can be set for the change, once 
for all, precisely as directed in Art. (312), and then the courses 
can be run out as given in the deed, the correction being made by 
the instrument. 

(322) Example. The followmg is a remarkable case which 
recently came before the Supreme Court of New-York, The 
North line of a large Estate was fixed by a royal grant, dated in 
1704, as a due East and West line. It was run out in 1715, 
by a surveyor, whom we will call Mr. A. It was again surveyed 
in 1765, by Mr. B. who ran a course N. 87° 30' E. It was run 
out for &,- third time in 1789, by Mr. C. who adopted the course 
N. 86° 18' E. In '1845 it was surveyed for the fourth tune by 
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Mr, D. with a course of N, 88° 30' E. He found old " comers," 
and " blaaes " of a former survey, on his line. They are also found 
on another Hue, South of his. Which of the preceding courses 
were correct, and where does the trae line lie ? 

The question was investigated as follows. There were no old 
records of variation at the precise locality, but it lies between the 
lines of equal variation which pass through New- York and Boston, 
its distance from the Boston line being about twice its distance from 
the New- York line. The records of those two cities (referred to 
in Art. (317)) could therefore be used in the manner explained 
in Art. (318). For the later dates, observations at New-Haven 
could serve as a check. Combining all these, the author inferred 
the variation at the desired place to have been as follows : 
In 1715, Variation 8° 02' West. 

In 1765, " 6° 32' " Decrease since 1715, 2° SO'. 

In 1789, " 50 05' " Decrease since 1765, 0° 27'. 

In 1845, " 70 23' " Increase since 1789, 2° 18'. 

We are now prepared to examine the correctness of the allowances 
made by the old surveyors. 

The course run by Mr. B. in 1765, N. 87^^ 30' E. made an 
allowance of 2° 30' as the decrease of variation, agreeing precisely 
with our calculation. The course of Mr. C. in 1789, N. 86^^ 18' 
E., allowed a change of 1° 12', which was wrong by our calcula- 
tion, which gives only about 27', and was deduced from three di& 
ferent records. Mr. D. in 1845, ran a course of N. 88' 30' E, 
calling the increase of variation »nce 1789, 2^ 12'. Our estimate 
was 2'^ 18', the difference being comparatively small. Our con- 
clusion then is this: the second surveyor retraced correctly the hue 
of the first : the third surveyor ran out a new and incorrect line : and 
the fourth surveyor correctiy retraced the line of the third, and found 
his marks, bnt this line was wrong originally and therefore wrong 
now. All the surveyors ran their lines on the supposition that the 
ori^nal " due East and West line " meant East and West as the 
needle pointed at the time of the original snr^^ey. 

The preponderance of the testimony as to old land marks agreed 
with the results of the above reasoning, and the decision of the 
court was in accordance therewith. 
14 
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In the above figure the horizontal and Tertical lines represent 
true East and North lines ; and the two upper lines running from left 
to right represent the two lines set out hy the surveyors and in the 
years, there named. 

(S23) Remedy for (be evils of Ihe Secular cban^e. The 

only complete remedy for the disputes, and the uncertainty of 
bounds, resulting from the continued change in the variation, is 
this. Let a Meridian, i. e. a true North and South line, be estab- 
lished in every town or county, hy the authority of the State ; 
monuments, such as stones set deep iu the ground, heing placed at 
efich end of it. Let every surveyor be obliged by law to test his 
compass by this line, at least once in each year. This he could 
do as easily as in taking the Bearing of a fence, by setting his 
instrument on one monument, and sighting to a staff held on the other. 
Let the variation thus ascertained be inserted in the not«s of the 
survey and recorded in the deed. Another surveyor, years or 
centuries afterwards, could test his compass by taking the Bearing 
of the same monuments, and the difference between this and the 
former Bearing would he the change of variation. He could thus 
determine with entire certainty the proper allowance to be made 
(as in Art. (321)) in order to retrace the original hne, no matter 
how much, or how irregularly, the variation may have changed, or 
how badly adjusted was the compass of the original survey. Any 
permanent line employed in the same manner as the meridian line, 
would answer the same purpose, though less conveniently, and every 
surveyor should have such a line at least, for his own use.* 

" This remedy aiicms lo have been fiiBt aiiggealerl by Rittenhouac. Il has suice 
lifen recommended by T. Sopwith, in 1829; by B. F. Juhiison, iu 1831, tuid by 
W. Robeita, of Troy, ia 1839. Tlie errors of re-aurveys, in which llie change 
i« neglected, were noticed in Ihe " Philosophical Ti'ansacli one," ds long ago aa 1679 
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TRANSIT AND THEODOLITE SURVEYING: 

By the Third Method. 



THE NSTRVIHENTS. 
(321) The Transit and The Theodolite (figures of which are 
given on the next two pages) are Croniometers, or Angle-Measorera. 
Each conaists, essentially, of a circular plate of metal, supported in 
such a manner as to be horizontal, and divided on its outer circum- 
ference into degrees, and parts of degrees. Through the centre of 
this plate passes an upright axis, and on it is fixed a second circu- 
lar plate, which nearly touches the first plate, and can turn freely 
around to the right and to the left. This second plate carries a 
Telescope, which rests on upright standards firmly fixed to the 
plate, and' which can he pointed upwards and downwards. By 
the combination of this motion and that of the second plate around 
its axis, the Telescope can be directed to any object. The second 
plate has some mark on its edge, such as an arrow-head, which 
serves as a pointer or index for the divided circle, like the hand of 
a clock. When the Telescope is directed to one object, and then 
tmned to the right or to the left, to some other object, this index, 
which moves with it and passes around the divided edge of the 
other plate, points out the arc passed over by this change of direc- 
tion, and thus measures the angle made by the lines ima^ned to 
pass from the centre of the instrument to the two objects. 
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THE TRANSIT. 
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(825) DistinetlOH. The preceding description applies to both 
the Transit and the Theodolite. But an essential difference 
between them is, that in the Transit the Telescope can turn com- 
pletely over, BO aa to look both forward and backward, while in 
the Theodolite it cannot do so. Hence the name of the Transit.* 

This capability of reversal enables a straight line to be prolonged 
from one end of it, or to be ranged out in both directions from any 
one point. The Telescope of the Theodolite can indeed be taken 
out of the Y shaped supports in which it rests, and be replaced 
end for end, but this operation is an imperfect substitute for the 
revolution of the Telescope of the Transit. So also is the turning 
half way around of the upper plate which carries the Telescope, 

The Theodolite has a level attached to its Telescope, and a yerlical 
circle for measuring vertical angles. The Transit does not usually 
have these, though they are sometimes added to it. The instru- 
ment may then be named a Transitr-Theodolite. It then corre- 
sponds to the altitude and aaimuth instrument of Astronomy. As 
the greater part of the points to be explained are common to both 
the Transit and the Theodolite, the descriptions to be given may 
be regarded as applicable to either of th6 instruments, except when 
the contrary is expressly stated, and some point peculiar to cither 
is noticed. 

(326) The great value of these instruments, and the accuracy 
of their measurements of angles are due chiefly to two things ; to 
the Telescope, by which great precision in sighting to a point is 
obtained ; and to the Vernier Soale, which enables minute portions 
of any arc to be read with ease and correctness. The former 
assists the eye in directing the line of sight, and the latter aids it 
in reading off the results. Arrangements for giving slow and 
steady motion to the movable parts of the instruments add to the 
value of the above. A contrivance for Repeating the observation 
of angles still farther lessens the unavoidable inaccura^aea of 
these observations. 

* It IE Bomerimes called the " EaRineers' Tvansil, or " Eailroad Transit," to dis- 
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I'he inaccurate division of the limb of tlie instrument is also 
averaged and thus diminished by the last arrangement. Its want 
of true " centring," is remedied by reading off on opposite sides 
of the circle. 

Imperfections in the parallelism and perpendicularity of the parts 
of the instrument in which those qualities are required, are cor- 
rected by various " adjustments," made by the various screws 
whose heads appear in the engravings. 

The arrangements for attaining all these objects render necessary 
the numerous parts and apparent complication of the instrument. 
But this complication disappears when each part is examined in 
turn, and ita uses and relations to the rest are distinctly indicated. 
This we now propose to do, after explaioing the engravings. 

(S27) In the Ggurea of the instruments-, given on pages 212 and 
213, the same letters refer to both figures, so far as the parts are 
common to both.* L is the limb or divided circle. V is the 
index, or "Vernier," which moves around it. In the Transit, only 
a small portion of the divided limb is seen, the upper cu'cle (which 
in it is the movable one) covering it completely, so that only a 
short piece of the arc is visible through an opening in the upper 
plate. S, S, are standards, fastened to the upper plate and sup- 
porting the telescope, EO. G is a compass-box, also fastened to 
the upper plate, c is a clamp-screw, which presses together the two 
plates, and prevents one from moving over the other. ( is a tangent- 
screw, or slow-motion screw, which gives a slow and gentle motion 
to one plate over the other. C is a clamp-screw which fastens the 
lower plate to the body of the instrument, and thus prevents it from 
moidng on its own axis. T is the tangent-screw to ^ve this part a 
slow-motion, P and P' are parallel plates through which pass four 
screws, Q, Q, Q, Q, by which the circular plate L is made level, 

* The arrangements of these inatrumenlB are differently made by almost every 
maker; bnt any form of them bsing thornughly nncierstood, any new one will 
cauee no diffieulty. The figure of llie Transit was drawn from one mniie by W. 
& L. B. Gnrle:r, of Troy, N. Y. to the latter of whon" -- *-'-- -- -- '-l.-S <■-. 
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as dek-rmined by the bubbks in the small sj.mt levels, B, E, of 
which there are twj at right angles to eich othei 

In the figure of the Thto lohte the laige level b, and the Beml- 
circle NN are fui the furposes ot Leielhng and of measuring 
Vertical angles. They will thercfoie not be descnbed in this piaoe. 

(328) As the value of either of these instruments depends 
greatly on the accurate fitting and bearings of the two concentric 
vertical axes, and as their connection ought to be thoroughly unde> 
stood, a vertical section through the body of the instrument is 
given in Fig. 214. to half the real size. The tapering spindle op 




invert-ed frustum of a cone, marked AA, supports the upper plate 
EB, which carries the index, or Verniers, V, V, and the Telescope. 
The whole bearing of this plate is at C, C, on the top of the hollow 
inverted cone EE, in which the spindle turns freely, but steadily. 
This interior position of the bearings preserves them from dust 
and injury. This hollow cone carries the lower or graduated plate, 
and it can itself turn around on the bearings D, D, carryihg with it 
the lower circle, and also the upper one and all above it. 

The Vernier scales V, V, are attached to the upper plate, but 
lie in the same plane as the divisions L, L, of the lower plate, (so 
that the two can be viewed together, without parallax,) and are 
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covered with glass, to exclude dust and moisture. In 
the figure the hatehinga are drawn in different directions 
on the parte which move ivith the Vernier, and on 
those which move only with the limb. 

(329) The Telescope. This is a combination of 
lenses, placed in a tube, and so arranged, in accordanqe 
■with the laws of optical science, that an image of any 
object to which the Telescope may be directed, is formed 
within the tube, (by the rays of Hght coming from 
the object and beut in passing through the object-glass) 
and there magnified by an Eye-glass, or Eye-piece, com- 
poeed of several lenses: The arrangement of these lenses 
are very various. Those two combinations which are pre- 
ferred for surveying instruments, will be here explained. 

Fig. 215 represents a Telescope which inverts objects. 
Any object is rendered visible by every point of it send- 
ing forth rays of light in eveiy direction. In this figure, 
the highest and lowest points of the object, which here is 
an arrow, A, are alone considered. Those of the rays 
proceeding from them, which meet the object-glass, 0, 
form a cone. The centre line of each cone, and its ex- 
treme upper and lower lines are alone shown in the 
figure. It will be seen that these rays, after passing 
through the object-glass, are refracted, or bent, by it, 
so as to cross one another, and thus to form at E an 
inverted image of the object. This would be rendered 
visible, if a piece of ground glass, or other semi-transpa- 
rent substance, was placed at the point B, which is called 
the focus of the object-glass. The rays which form this 
image continue onward and pass through the two lenses 
C and D, which act like one magnifying glass, so that 
the rays, after being refracted by them, enter the eye 
at such angles as to form there a magnified and invert 
ed image of the object. This combination of the two 
plano-convex lenses, C and D,is known as "Ramsden's 
Eye-piece," 
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Thia Telescope, iaverting objects, shows them upside p.^ q,,. 
down, and the right side on the left. They can be 
shown erect by adding one or two more lenses as in the 
marginal figure. But as these lenses absorb light and les- 
sen the distinctness of vision, the former arrangement is 
preferable for the glasses of a Transit or a Theodolite. 
A little practice maltes it ecjually convenient for the 
observer, who soon becomes accustomed to seeing his 
flagmen standing on their heads, and soon learns to 
motion them to the right when he wishes them to go to 
the left, and vice versa. 

Figure 216 represents a Telescope which shows ob- 
jects erect. Its eye-piece has four lenses. ITie eye- 
piece of the common terrestrial Telescope, or spy-glass, 
haa three. Many other combinations may be used, all 
intended to show the object achromatically, or free from 
false coloring, but the one here shown is that most gene- 
rally preferred at the present day. It will be seen that 
an inverted image of the object A, is formed at B, as 
before, but that the rays continuing onward are so 
refracted in passing through the lens C as to again 
cross, and thus, after farther refraction by the lenses D 
and E, to form, at E, an erect image, wiiich is magni- 
fied by the lens G. 

In both these figures, the limits of the page render 
it necessary to draw the angles of the rays very much 
out of proportion. 

(33d) Cross-hairs. Since a considerable field of 
view is seen in looking through the Telescope, it is 
necessary to pro^-ide means for directing the line of sight 
to the precise point which is to be observed. This 
could be effected by placing a very fine point, such as 
that of a needle, within the Telescope, at some place 
where it could be distinctly seen. In practice this fine 
point is obtained by the intersection of two very fine 
lines, placed in the common focus of the objecl^glass and 



Hosted by 



Google 



CHAF. I.] 



Tbe iBstmaients. 



ot 13ie eye-piece. Theae lines are called the cross-hairs, or cross- 
wires. Their intersection can be seen througb the eye-piece, at 
tbe same time, and apparently at the same p]a«e, as the image of the 
distant object. The magnifying powers of the^ye-piece wiU then de- 
tect tbe slightest deviation from perfect coincidence. " This appbcar 
lion of the Telescope may be considered as completely annihilat 
ing that part of the error of observation ivhich might otherwise 
arise from an erroneous estimation of the direction in which an 
object lies from the observer's eye, or from the centre of the instru- 
ment. It is, in fact, the grand source of all the precision of modem 
Astronomy, without which all other refinements in instrumental work- 
p would be thrown away." What Sir John Herschel here 
s of its utility to Astronomy, is equally applicable to Surveying. 

Tbe imaginary line which passes through the mteiseetion of the 
cross-hairs and the optic-d centre of the objectr-Jas';, is eilled the 
line of colUmaiion of the Telescope * 

The cross-hairs are attiehed to a nng or short thick tube of 
brass, placed within the Tde p,g ^n 

scope tube, tlirough holes m 
which pass loosely four screws, 
(their heads being seen it a, 
a, a, in Figs. 212 and 213), 
whrae threads enter and take 
hold of tbe ring, behind or m 
front of the cross-hairs is 
shown (in front view and m 
section) in the two figures m 

the mar^n. Their movements will be explained m Chapti 
Usually, one cross-hair is horizontal, ind tb j- ^ , 

other vertical, as in Fig 217, but sometimes tbej 
are arranged as in Fig 21S, which is thought to 
enable the object to be bisected with more preci- 
sion, A horizontal haii is sometimes added 

The cross-hairs are best made of platinum wire, 
drawn out very fine by being pre\iou8ly enclosed 
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in a larger wire of silver, and the silver then removed by nitric 
acid. Silk threads from a eocoon are sometimes used. Spiders' 
threads are, however, the most usual. If a crosa-hair is broken, 
the ring must be taken out by removing two opposite screws, and 
inserting a wire with a screw cut on its end, or a stick of suitable 
size, int« one of the holes thus left open in the ring, it being turned 
sideways for that purpose, and then removing' the other screws . 
The spider's threads are then stretched across the notches seen in 
the end of the ring, and are fastened by gum, or varnish, or bees- 
wax. The operation is a very delicate one. The following plan has 
been employed. A piece of wire is bent, as in the figure, so as to 
leave an openmg a little wider than the Fig. 919. 

ring of the cross-hairs. A cobweb is cho- r-y^' N A/\ A.A.'I 
sen, at the end of which a spider is hang- ' 

ing, and it is wound around the bent wire, 
as in the figure, the weight of the insect 
keeping it tight and stretching it ready for use, each part being 
made fast by gum, &c. When a cross-hair is wanted, one of 
these is laid across the ring and there attached. Another method 
is to draw the thread out of the spider, persuading him to spin, if 
he sulks, by tossing him from hand to hand. A stock of such 
threads must be obtained in warm weather for the winter's wante. 
A piece of thin glass, with a horizontal and a vertical line etched 
on it, may he made a substitute. 

(SSI) iDStrnmeDtal Parallax. This is an apparent movement 
of the cross-hairs about the object to which the line of sight is 
directed, taking place on any slight movement of the eye of the 
observer. ■ It is caused by the image and the cross-hairs not being 
precisely in the common focus, or point of distinct vision of the 
eye-piece and the object glass. To correct it, move the eye-piece 
out or in till the cross-hairs are seen clearly and sharply defined 
against any white object. Then move tlie object glass in or out 
till the object is also distinctly seen. The cross-hairs will then 
seem to be fixed to the object, and no movement of the eye will 
cause them to appear to change their place. 
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(332) The milled-headed screw seen at M, paaamg into the tele- 
scope has a pinion at its other end entering a Fig, ijao. 

toothed rack, and is used to move the ohject glass, ^^vw^wm'W 
0, out and in, according as the object looked at is \ns^ 

nearer or farther than the one last observed. Short distances 
require a long tube : long distances a short tube. 

The eye-piece, E, is usually moved in and out by hand, but a 
similar arrangement to the preceding is a great improvement. This 
movement is necessary in order to obtain a distinct view of the 
cross-hairs. Short-sighted persons require the eye-piece to be 
pushed farther in than persons of ordinary sight, and old or long- 
sighted persona to have it drawn further out. 

(333) Supports. The Telescope of the Transit is supported 
by a hollow axis at right angles to it, which itself rests at each end, 
on two upright pieces, or standards, spreading at their bases so as 
to increase their stability. In the Theodolite, the telescope rests' 
at each end in forked supports, called Y^i from their shape. 
These Y^ a-re themselves supported by a cross-bar, which is car- 
ried by an axis at right angles to it and to the telescope. This 
axis rests on standards similar to those of the Transit. The Tele- 
scope of the Theodolite can be taken out of the Ys, and turned 
" end for end." This is not usual in the Transit. Either of the 
above arrangements enables the Telescope to be raised or depressed 
80 as to suit the height of the object to which it is directed. A 
telescope so disposed is called a " plunging telescope." 

In some instruments there b an arrangement for raising or low- 
ering one end of the axis. This is sometimes required for reasons 
to be ^ven in eonneelion with "Adjustments." 

(331) The Indexes. Thesupports, or standards, of the telescope 
just described are attached to the .upper, or index-carrying cu^^le.* 
This, as has been stated, can turn freely on the lower or graduated 
circle, by means of its conical axis moving, in the hollow conical 
axis of the latter circle. This upper circle carries the index, V, 
ur figHifs it is the upper 
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which is an arrow-head or other mark on its edge, or the zero-point of 
a Vernier scale. There are usually two of these, situated exactly 
opposite to each other, or at the extremities of a diameter of the 
upper circle, so that the readings on the graduated circle pointed out 
by them differ, if both are correct, exactly 180°. The object of this 
arrangement is to correct any error of eccentricity, arising from the 
centre of the axis which eaniea the upper circle, (and with which it 
and its index pointers turn), not being precisely in the centre of the 
graduated circle. In the figure, let 
be the true centre ,of the graduated cir- 
cle, but C the centre on which the plate 
carrying the indexes turns. Let AC'B 
represent the direction of a sight taken 
to one object, and D'C'E' the direction 
when turned to a second object. The 
angle subtended by the two objects at 
the centre of the instrument is requir- 
ed. Let DE be a line passing through C, and parallel to D'E'. 
The angle ACD equals the required angle, which is therefore truly 
measured by the arc AD or BE. But if the arc shown by the 
index is read, it will be AD' on one side, and BE' on the other ; 
the first being too small by the arc DD' and the other too large by 
the equal arc EE'. If however the half-sum of the two arcs AD' 
and BE' be taken, it will equal the true arc, and therefore correctly 
measure the angle. Thus if AD' was 19°, and BE' 21°, their 
half sum, 20"^, would be the correct angle. 

Three indexes, 120° apart, are sometimes used. They have the 
advantage of averaging the unavoidable inaccuracies and inequali- 
ties of graduation on different parts of the limb, and thus diminish- 
ing their effect on the resulting angle. Fig. aaa. 

Four were used on the large Theodolite of 
the English Ordnance Survey, two, A and B, 
opposite to each other, and two, C and D, 120° 
from A and from each other. The half-sum or 
arithmetical mean, of A and B was taken, then , 
the mean of A, C, and D, and then the mean 
of these two means. But this was wrong, for 
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it gave too great value to tlie reading of A, and also to B, though 
in a less degree ; since the share of each Vernier in the final mean 
was as follows : A = 5, B = 3, C ^= 2, D = 2. This results from 

the expression lor that mean, ^ ^ I — - — ■ + ■ — ~ — 1 ^ ^^ 

(5 A + 3 B + 2 C + 2 D). 

(335) The graduated circle* This is divided into three hun- 
dred and sixty equal parts, or Degrees, and each of these is sub- 
divided into two or three parts or more, according to the size of the 
instrument. In the first case, the smallest division on the circle will 
of course be 30'; in the second case 20'. More precise reading, to 
single imnutes or even less, is effected by means of the Vernier of 
the index, all the varieties of which wOl be fully explained in the 
next chapter. The numbers run from 0^ around to 360°, which 
number is necessarily at the same point as the 0, or zero-point* 
Each tenth degree is usually numbered, each fifth degree is distin- 
guished by a longer fine of division, and each degree-division line 
is longer than those of the sub-divisions. A magnifying glass is 
needed for reading the divisions with ease. In the Theodolite 
engraving this is shown at m. It should be attached to each 
Vernier, 

(336) MoTements. When the line of sight of the telescope is 
directed to a distant well-defined point, the unaided hand of the 
observer cannot move it with sufficient delicacy and precision to 
make the intersection-ef the cross hairs exactly «over or "bisect" 
that point. To effect this, a clamp, and a Tangent, or slow-motion, 
screw are required. This arrangement, as applied to the move- 
ment of the upper, or Vernier plate, consists of a short piece of 
brass, D, which is attached to the Vernier plate, and through 
which passes a long and fine-threaded " Tangent-screw," (. The 
other end of this screw enters into and carries the clamp. This 
consists of two pieces of brass, which, by turning the clamp-screw 
c, which passes through them on the outside, can be made to take 

Hre also iinmbeved ftom 0° to 98s as on ihi 
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hold of and pincli tighdy the edge of the lower circle, which lies 
between them on the inside. The upper circle ia now prevented 
from moving on the lower one ; for, the tangent-screw, passing 
through hollow screws in both the clamp and the piece D, keeps 
them at a fixed distance apart, so that they caimot move to or from 
one another, nor consequently the two circles to which they are 
respectively made fast. But when this tangent^crew is turned by 
ita milled-head, it gives the clamp and with it the upper plate a 
smooth and slow motion, backward or forward, whence it is called 
the " Slow motion screw," as well as "Tangent-screw," from the 
direction in which it acts. It is always placed at the south end 
of the compass-box. 

A little different arrangement is employed to give a similar 
motion to the lower circle (which we have hitherto regarded as 
immovable) on the body of the instrument. Its axis js embraced 
by a brass ring, into which enters another tangent-screw, which 
also passes through a piece fastened to the plate P. The clamp- 
screw, C, causes the ring to pinch and hold immovably the axis of 
the lower circle, while a turn of the Tangent-screw, T, will slowly 
move the clamp ring itself, and therefore with it the lower circle. 
When the clamp is loosened, the lower circle, and with it every 
thing above it, has a perfectly free motion. A recent improvement 
is the employment for this purpose of two tangent screws, pressing 
against opposite sides of a piece projecting from the clamp-ring. 
One is tightened as the other is loosened, and a very steady mo- 
tion is thus obtained. 

(337) LcTClSt Since the object of the instrument is to measure 
horizontal angles, the circular plate on which they are measured 
must itself he made horizontal. Whether it is so or not is known 
by means of two small levels placed on the plate at right angles to 
each other. Each consists of a glass tube, slightly curved upward 
in ita middle and so nearly filled with alcohol, that only a small 
huhble of air is left in the tube. This always rises to the highest 
part of the tubes. They are so "adjusted" (aa will he explained 
in chapter III) that when this bubble of air is in the middle of 
the tubes, or its ends equidistant from the central mark, the plate 
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on -which they are festened shall be level, -which way soever it may 
be turned. 

The levels are represented in the figure of the Transit, on page 
212, as being nnder the plate. They are sometimes placed above 
it. In that case, the Vemiei^ are moved to one ade, between the 
feet of the standards, and one of the levels is fixed between the 
standards above one of the Verniers, and the other on the plate at 
the south end of the compasa-box. 

(338) Parallel PlateSi To raise or lower either side of the 
circle, so as to bring the bubbles into the centres of the tubes, 
requires more gentle and steady movements than the unaided hands 
can give, and is atttuned by the Parallel Plates P, P', (so called 
because they are never parallel except by accident), and their 
four screws Q, Q, Q, Q, which hold the plates firmly apart, and, by 
being turned in or out, raise or lower one side or the other of the 
-upper plate P', and thereby of the graduated circle. The two 
plates are held together by a ball and socket joint. To level the 
instrument, loosen the lower clamp and turn the circle till each 
level is parallel to the vertical plane passing through a pair of 
opposite screws. Then take hold of two opposite screws and turn 
tiiem simultaneously and equally, but in contrary directions, screw- 




ing one in and the other out, as shown by the arrows in the figures. 
A rule easily remembered is that both thumbs must turn in, or both 
out. The movements represented in the first of these figures would 
raise the left-hand side of the circle and lower the right-hand side. 
The movements of the second figure would produce the reverse 
effect. Care is needed to turn the opposite screws equally, so that 
they shall not become so loose that the instrument -will rock, or so 
tight as to be cramped. When this last occurs, one of the other 
pair should be loosened. 

15 
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Sometimeg one of each pan- of the screwa ia replaced by a strong 
spring against which the remaining screws act. 

The French and Gferman instruments are nsuaUy supported by 
only three screws. In such cases, one level ia brought parallel to 
one pair of screws aaid levelled by them, and the other level has 
its bubble brought to its centre by the third screw. If there is 
rally one level on the instrument, it is first brought parallel to one 
pair of screws and levelled, and is then turned one quarter around 
so as to be perpendicular to them and over the third screw, and the 
operation "is repeated. 

(339) Watch Telescope. A second Telescope is sometimes 
attached to the lower part of the instrument. When a number of 
angles a,re to be observed from any one station, direct the upper 
and principal Telescope to the first object, and then direct the 
lower one to any other well-defined point. Then make all the 
desu-ed observations with the upper Telescope, and when they are 
finished, look again through the lower one, to see that it and there- 
fore the dirided circle has not been moved by the movements of 
the Vernier plate. The French call this the Witness Telescope, 
(Limette temoin). 

(310) The Compass. Upon the upper plate is fixed a compass. 
Its use has been fully espliuned in Part III. It is little used in 
connection with the Transit or Theodolite, which are so incomparor 
bly more accurate, except as a " check," or rough test of the 
accuracy of the angles taken, which should about equal the difier- 
ence of the magnetic bearings. Its use will be farther noticed in 
Chapter IV, on " Field AVork." 

The name of " Surveyor's Transit " has been given to a modifi- 
cation of the " Engineer's Transit," enabling the compass to be set 
so as to run lines with an allowance for the magnetic variation, as 
was explained in Art. (312). Tlus cannot he done in the instru- 
ment which has been described. 

(841) Theodolites. The distinctive pecufiarities of the ordi- 
nary Theodolite have been explained in connection with those of 
the Transit. Some modifications will now be described. 
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Two Telescopes, one exactly under the other, so that their lines 
of coUimation are in the same vertical plane, have been attached 
to a. Theodolite, for the purpose of ranging a straight line forward 
and backward, as a substitute for the much more elegant operation 
of reversion as in the Transit. 

A remarkable arrangement, made by Gurley, of Troy, had an 
object-glass, an eye-glass, and a pair of cross-hairs at each end of 
the instrument, the eye glass being set in a skeleton frame so as to 
obstruct the light as little as possible. The focus of each glass 
was so adjusted that the Telescope could be looked through in 
either direction. 

Two Telescopes, mounted one above the other, and one attached 
to the graduated circle and the other to the Vernier plate, have 
ako been used. With these the angle subtended at the instru- 
ment, can be measured at once, each object having a Telescope 
directed to it at the same moment, thus avoiding any danger of 
shpping, and rendering unnecessary a Watch Telescope, for which 
one of these Telescopes serves as a more perfect substitute. 



(312) fionlasmoDietre. A very compact in- 
strument to which the above name has been 
given in France, where it is much used, is shown 
in the figure. The upper half of the cylinder is 
movable on its lower half. The observations 
may be taken through the slits, as in the Survey- 
or's Cross, or a Telescope may be added to it. 
Readings may be taken both from the compass, 
and from the divided edge of the lower half of 
the cylmder, by means of a Vernier on the 
upper half.' 
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, not be overlooked, 
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CHAPTER II. 

TERMERS. 

(343) Deflnitlon. A Vernier is a contrivance for measurmg 

smaller portdona of 8pa«e than those into which a line ia actually 
divided. It consists of a second line or scale, movable by the side 
of the first, and divided into equal parts, which are a very Kttle 
shorter or longer than the parts into which the first line ia divided. 
This small difference is the space which we are thus enabled to 
measure.* 

The Vernier scale ia usually constructed by taking a length 
equal to any number of parts on the divided line,, and then dividing 
this length into a number of equal parts, one more or one less than 
the number into which the same length on the original line is di- 
vided. 

(314) -Ulnslration. The figure represents (to twice the real 
size) a scale of inches divided into tenths, with a Vernier scale 
beside it, by which hundredths of an inch can be measured. The 
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Vernier is made by setting off on it 9 tenths of an inch, and divid- 
ing that length into 10 equal parts. Each space on the Vernier 
is therefore equal to a tenth of nine-tenths of an inch, or to nine- 
hundredths of an inch, and is consecjuently one-hundredth of an 
inch shorter than one of the divisions of the original scale. The 

" Th.' Vernier ia ei 
oftpn iniprwperly givt 
BimiiBr objeot. 
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first space of the Vernier wiD therefore fall short of, or be over- 
lapped by, the first space on the scale bj this one-hundredth of an 
inch ; the second space of the Vernier vn\l MI short by two-h\in- 
dredths of an inch ; and so on. If then the Vernier', be moved up 
by the side of the ori^nai scale, so that the line marked 1 coin- 
cides, or forms one straight line, with the line of the scale which 
was just above' it, we know that the Vernier has been moved one- 
hundredth of an inch. If the line marked 2 comes to coincide 
with a line of the scale, the Vernier has moved tip two-hundredtha 
of an inch ; and so for other numbers. If the position of the 
Fig. ase. 
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Vernier be as in this figure, the line marked 7 on the Vernier 
corresponding with some line on the scale, the zero line of the 
Vernier is 7 hundredths of an inch above the division of the scale 
next below this zero line. If this division be, as in the figure, 
8 inches and 6 tenths, the reading will be 8.67 inches,' 

A Vernier like this is used on some levelling rods, being engraved 
on the ades of the opening in the part of the target above its 
middle line. The rod being divided into hundredths of a foot, this 
Vernier reads to thousandths of a foot. It is also used on some 
French Mountain Barometers, which are divided to hundredths of 
a metre, and thus read to thousandths of that unit. 

(845) General roles. To find .wTiat any Vernier reads to, 
i. e. to determine how small a distance it can measure, observe 
how many parts on the original line are equal to. the same number 
increased or diminished by one on the Vernier, and divide the 

" The studepj will do welHo draw such a loale and Vernier on two slips of 
thick paper, and move one beaide [he other till he can read them in any possible 
poailion ; and 80 with the following Verniers. 
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length of a part on the original line by this last number- It will 
give the required distance.* 

To read any Vernier, firstly, look at the zero line of the Ver- 
nier, (which is sometimes marked by an arrow-head), and if it 
coincides with any division of the scale, that will be the correot 
reading, and the Vernier divisions are not needed. But if, as 
usually happens, the zero line of the Vernier comes between any 
two divisions of the scale, note the nearest next less division on the 
scale, and then look along the Vernier till you come to some line 
on it which exactly coincides, or forms a straight line, with some 
line (no matter which) on the fixed scale. The number of this 
line on the Vernier (the 7th in the last figure) tells that so many 
of the sub-diviaons which the Vernier indicates, are to be added to 
the reading of the entire divisions on the scale. 

When, several lines on the Vernier appear to coincide equally 
with lines of the scale, take the middle hne. 

"When no line coincides, but one Une on the Vernier is on one 
side of a line on the scale, and the next line on the Vernier is as 
far on the other side of it, the true reading is midway between those 
indicated by these two lines. 

(346) Retrograde Verniers. The spaces of the Vernier in 

modem instruments, are usually each shorter than those on the scale, 
a certidn number of parts on the scale being divided into a larger 
number of parts on the Vernier. + In the contrary case, J there is 
th^ inconvenience of being obliged to number the lines of the Ver- 
ni6r and to count their coincidences with the hnes of the scale, in 
a retrograde or contrary direction to that in which the numbers oa 
the scale run. We will call such arrangements retrograde Vemiets. 
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(317) IllHStratiOD. In thia figure, the acale, as before, repre- 
sents (fa) twice die real size) inches divided into tenths, but the 
Vernier is made by dividing 11 parts of the scale into 10 equal 
Fig. aar. 
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parts, each.(rf which is therefore one-tenth of eleven-tenths of an 
inch, 1. e. eleven-hundredtha of an inch, or a tenth and a hun- 
dredth. Each apaoe of the Vernier therefore overlaps a space on 
the scale by one-hundredth of an inch. The manner of reading 
tlua Vernier is the same as in the laat'one, except that the numbers 
run in a reverse direction. The reading of the figure is 30,16. 

This Vernier is the one generally applied to the cominoii Baro- 
meter, the zero point of the Vernier being brought to the level of 
the top of the mercury, whose height it then measures. It is also 
employed for leTollmg rods which read downwards from the nuddle 
of fte target. 



(348) The figure below represents (to double size) the usual 
scale of the English Mountain Barometer." The scale ia first 
divided into inches. These are subdivided into tenths by tbe 

Fig. 238. 
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" Thi* figure, and oihers in iWs chBpter, are from Bree'a " Present Prscticq." 



Hosted by 



Google 



282 TRANSIT AND THE9B0LITB SURTETIIVG. [pabt it. 

longer lines, and the shorter lines again divide these into half- 
tenths, or to 5 hundredths. 24 of these smaller parts are set off 
on the Vernier, and divided mto 25 equal parts, each of which is 

fiAQ ;•,«!, 

25 

tfthe scale by .050 - .048 = .002, or two thousandths of an inch, 
a twenty-fifth part of a division on the scale, to which minuteness 
ihe Vernier can therefore read. The reading in the figure is 
:■ 0.686, (30.65 by the scale and .036 by the Vernier), the dotted 
line marked D showing where the coincidence takes place. 



<3i9) Circle dirlded isto d<;.7rees. The following illustra^ 
lions apply to the measarementB of angles, the circle being vari- 
ously divided- In this article, the circle is supposed to be divided 



If 6 spaces on the Vernier are found to be equal to 5 on the 
circle, the Vernier can read to one-oxth of a space on the circle, 
i. e. to 10'. 

If 10 spaces on the Vernier are equal to 9 on the circle, the 
Vernier can read to one-tenth of a space on the circle, i. e. to 6'. 

If 12 spaces on the Vernier are equal to 11 on the circle, (he 
Vernier can read to one-twelfth of a space on the circle, i. e. to 5'. 




The above figure shows such an arrangement. The index, or 
zero, of the Vernier is at a point beytmd 368°, a certain distance, 
which the coincidence of the tintd Una of the Vermer (oftktdicat^d 
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e 15'. The whole read- 



bj the dotted and crossed line) sh 
ing is therefore 358° 15', 

If 20 spaces on the Venuer are equal to 19 on the circle, the 
Vernier can read ,to one-twentieth of a division on the circle, 
i. e. to 3'. '. English compasses, or " Circumferentors," are some- 
times thiiB arranged. 

If 60 spaces on the Vernier are; equal to 59 on the circle, the 
Vernier can read to one-sixtieth of a division on the circle, i. e. to 1', 



(350) Circle divided to SD'> Such a graduation is a very 

common one. The Vernier may be varioualy constructed. 

Suppose 30 spaces on the Vernier to be equal to 29 ou (he 

29 X 30' 
circle. Each space on tlie Vernier will be = — 57; — = 29', 

and will therefore be leas than a space of the circle by 1', to which 
Hie Vernier will then read. 




The above figure shows this arrangement. The reading is 0°, 
or 360°. 

In the following figure," the dotted and Crossed line shows what 
divisions coincide, and the reading is 20° 10'; the Vernier being 
the same as in the preceding figure, and its zero being at a pointi 
of the circle 10' beyond 20°. 
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Fig. E31. 




In tlie Mowing figure, the reading ia 20° 40', the index being 
at a point beyond 20° 30', and the additional space bemg shown 
by the Vernier to be 10'. 

Fig. 232. 
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Sometimes 30 spaces oq the Vernier are equal to 31 on the circle. 
Each space on the Vernier will therefore be = — Qir~~ ^^ ^^'' ^^'^ 
will be longer than a space on the circle bj 1', to which it will 
therefore read, as in the last case, but the Vernier will be " retro- 
grade." This is the Vernier of the compass, Fig. 148. The pecu- 
liar manner in which it is there applied is shown in Fig. 239. 

If 15 spaces on the Vernier are equal to 16 on the circle, each 

space on the Vernier will be = — ^^ — = 32', and the Vernier 
will therefore read to 2'. 



15 



(351) Circle divided to 20'. If 20 spaces on the Vernier 
are equal to 19 on the circle, eaeh space of the latter will be = 

= 19', and the Vernier will read to 20' — 19' = 1'. 



ire equal to 41 on the circle, eaoh 
jT == 20^' ; and the Ver- 



20 
If 40 spaces on the Vernier 

apace on the Vernier will be = 

nier will therefore read to 20^' — 20' = 80". It will he retro- 
grade. In the following figure the reading is 360°, or 0° ; and it 
will be seen that the 40 spaces on the Vernier (numbered to whole 
minutes) are equal to 13° 40' on the limb, i. e. to 41 spaces, each 



of 20'. 




lQ___i_, 10 15 20 



If 60 spaces on the Vernier are equal to 59 on the circle, each 
of the former will be = ■--■ r — = 19' 40", and the Vernier 
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mil therefol-e read to 20' — 19' 40'* = 20". The following figure 
shows such an arrangemeiit. The reading in that position would 
be 40' 46' 20". 
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(352) Circle dlTlded to 15'. If 60 spaces on the Vernier are 
equal to 59 on the circle, each space on the Vernier will he = 

-■ - V -- = 14' 45", 'and the Vernier will read to 15". In the 

following figure the reading is 10° 20' 45", the index pointing to 

10° 15', and something more, which the Vernier shows to be 5' 45". 

Fig. 235. 
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(353) Circle dlrlded to 10'. If 60 spaces .on the Vernier be 
equal to 59 on tlie limb, the Vernier will read to 10". In the 
following figure, the readmg ia 7" 25' 40", the reading on the 
circle being 7° 20', and the Vernier showing the remaining spaice 
to be 5' 40", 

Fig. 236. 
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(354) Reading backwards. When an index carrying a Ver- 
nier is moved backwards, or in a contrary direction to that in 
which the numbers on the circle run, if we wish to read the space 
which it has passed over in this direction from the zero point, the 
Vernier must be read backwards, (1, e. the highest number be 
called 0), or its actual reading must be subtHicted from the value 
of the smallest space on the circle. The reason is plain ; for, 
smce the Vernier shows how far the index, moving in one direc- 
tion, has gone past one division line, the distance which it is from 
the next division hne (which it may be supposed to have passed, 
moving in a contrary direction), will be the difference between the 
reading and the value of one space. 

Thus, in Fig. 229, page 232, the reading is 358° 15'. But, 
counting backwards from the 360°, or zero point, it is 1° 45'. 

Caution on this point is particularly necessary in using small 
angles of deflection for railroad curves. 
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(355) Arc of -excess. On the aextant and similar instru- 
ments, the divisions of the limb are carried onward a short distance 
beyond the zero point. This portion of the limb is called the " Arc 
of excess." When the index of the Vernier pointe to this arc", the 
reading must be made as explauied in the last article. Thus, in 
the figure, the reading on the arc from the zero of the limb to th« 
Fig. 23- 
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zero of the Vernier is 4° 20', and something more, and the reading 
of the Vernier from 10 towards to the right, where the lines coin- 
cide, is 3' 20", (or it is 10' — 6' 40" = 3' 20"), and the entire 
1 therefore 4" 23' 20". 



(356) Double Verniers. To avoid the inconveniences of read- 
ing backwards, double Verniers are sometimes used. The figure 
below shows one apphed to a Transit. Each of the Verniers ia 
Fig. 238. 
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like the one described in Art. (3M), Figs. 230, 231, and 232. 
When the degrees are counted to the left, or aa tiie numbers run, 
as is usual, the leftr-hand Vernier is to be read, as in Art. (350) i 
but when the degrees are counted to the right, from tie 360° line, 
the right-hand Vernier is to be used. 



(357) CompaSS-Feniier. Another form of double Vernier, 

often applied to the compass, is shown in the following figure. The 

Fig. 239. 




limb is divided to half degrees, and the Vernier reads to minutes, 
30 parts on it being equal to 31 on the limb. But the Vernier is 
only half as long as in the previous case, going only to 15', the 
upper figures on one half being a sort of continuation of the lower 
figures on the other half. Thus in moving the index to the right, 
read the lower figures on the left hand Vernier (it being retro- 
grade) at any coincidence, when the space passed over ia less than 
15' ; but if it be more, read the upper figures on the right hand 
Vernier : and vice versa. 
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ADJUSTMENTS. 

(3JS) The purposes for which the Transit and Theodolite (as well 
as most aurvejing and aatrononiical instruments) are to he need, 
require and presuppose certain parts anS lines of the instrument 
to he placed in certain directions with respect to others ; these re- 
spective directions being usually parallel or perpendicular. Such 
arrangements of their parts are called their Adjustmentg. The 
same word is aJso applied to placing these lines in these directions. 
In the following explanations the operations which determine 
whether these adjustments are correct, will be called their Verifi- 
cations ; and the making them right, if they are not so, their Ree- 
UficabioniJ' 

(359) In observations of horizontal angles with the Transit or 
the Theodolite,t it is required, 

1° That the circular plates shall be horizontal in whatever way 
they may be turned around. 

2° That the Telescope, when pointed forward, shall look in pre- 
cisely the reverse of its direction when pointed backward, i. e. that 
its two lines of sight (or lines of collimation) forward and back- 
ward shall lie in the same plane. 

3° That the Telescope in turning upward or downward, shall 
move in a truly vertical plane, in order that the angle measured 
between a low object and a high one, may be precisely the same 
aa would be the angle measured between the low object and a point 
exactly under the high object, and in the same horizontal plane as 
the low one. 

" II has been well said, thai •' In the preBent state of science it may be laid 
down aa a masim, that every initniment ahould be bo contiived, that the obaervar 
may easily eiamine and rectify the principal porta ; fur, however careful the 
inetrumentioaker may he, however perfect the execution thereof, it is not possi- 
ble that any inalniioent ahould long i-emain accurately fixed in the poaitioa in 
which it came out of the maker's banda." — Adamt' " Geometrical and Oraphical 
£jMS<," I79I. 

t TheTbeodoiitB adjastments which reiate only to levelling, or to meBiuring 
vertical angles, will not be here discussed. 
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We aliall see that all theae adjustments are finally resolvable 
into these ; lat. Making the vertical axis of the instrument perpen- 
dicular to the plane of the levels ; 2d. Making the line of collimar 
tion perpendicular to its ajtis ; and 3d. Making this axis parallel 
to the plane of the levels. They are all best tested by the invalu- 
able principle of " Reversion." 

We have now, firsUy, to examine whether these things are so, 
that is, to " verify" the adjustments ; and, secondly, if we find that 
they are not so, to make them so, i. e, to " rectify," or " adjust" them 
correctly. The above three requiremenla produce as many corre- 
sponding adjustments. 

(360) First a^nstment. 'i^o came the circle to be horizontal 
in every position.' 

Verification. — Turn the Vernier plate which carries the levels, 
till one of- them is parallel to one pair of the parallel plate 
screws. The other will then be parallel to the other pair. Bring 
each bubble to the middle of its tube, by that pwr of screws to 
which it is parallel. Then turn the vernier plate half way around, 
i. e. till the index has passed over 180°. If the hubbies remain 
in the centres of the tubes, they are in adjustment. If either of 
them runs to one end of the tube, it requires rectification. 

Rectification. — The fault which is to be rectified is that the 

plane of the level (i. e. the plane tangent to the highest point of 

the level tube) is not perpendicular to the vertical axis, AA in 

figure 214, on which the plate turns. For, let AB represent this 

Fig. 340. Fig. 241. 



plane, seen edgeways, and CD the centre line of the vertical asia, 

" This applies er|Qally to llie Transit and the Theodolite. 

16 
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which IB here drawn as making an acute angle with this plane 
on the right hand side. The first figure represents the buhble 
brought to the centre of the tube. The second figure represents 
the plate turned half around. The centre line of tho axis is sup- 
posed to remain unmoved. The acute angle will now be on the 
left hand side, and the plate wOl no longer he horizontal. Conse- 
quently the bubble will run to the higher end of the tube. The 
rectification necessary is evidently to raise one end of the tube and 
lower the other. The real error has been doubled to the eye by 
the reversion. Half of the motion of the bubble was caused by the 
tangent plane not being perpendicular to the axis, and half by this 
axis not being vertical. Therefore raise or lower one end of the 
level by the screws which fasten it to the plaf«, till the bubble 
comes about half way back to the centre, and then bring it quite 
ba«k by turning its pair of parallel plate screws. Then again 
reverse the vernier plate 180°. The bubble should now remain in 
the centre. If not, the operation should be repeated. The same 
raust be done mth the other level if required. Then the bubbles 
will remiun in the centre during a complete revolution. This 
proves that the axis of the vernier plate is then vertical ; and as 
it has been fixed by the maker perpendicular to the plate, the 
latter must then be horizontal. 

It ia also necessary to examine whether the bubbles remain in 
the centre, when the divided circle is turned round on its axis. 
If not, the axes of the two plates are not parallel to each other. 
The defect can be remedied only by the maker ; for if the bubbles 
be altered so as to be right for this reversal, they will be wrong 
for the vernier plate reversal. 

(361) Second adjnstmenl. To cause the line of colliination to 
revolve in a plane." 

Verification. Set up the Transit in the middle of a level piece 
of ground, as at A in the figure. Level it carefully. Set a stake, 
with a nail driven into its head, or a chain pin, as far from the 
instrument as it is distinctly visible, as'at B, Direct the telescope 



Hosted by 



Google 



CHAP. lU.] 



Adjustments. 

Fig. 242. 
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to it, and fix the intersection of the cross-hairs very precisely upon 
it. Clamp the inetruraent. Measure from A to B. Then turn 
over the telescope, and set another stake at an equal distance from 
the Transit, and also precisely in the line of sight. If the line of 
collimation has not continued in the same plane during its half-revo- 
luiion, this stake wilj not be at E, but to one side, aa at C. To 
discover the truth, loosen the clamp and turn the vernier plate half 
around without touching the telescope. Sight to B, as at first, and 
again clamp it. Then turn over the telescope, and the line of sight 
will strike, as at D in the figure, aa far to the right of the point, as 
it did before to its left. 

Rectifieation, The fault which is to be rectified, is that the line 

of collimation of the telescope is not perpendicular to the horizontal 

axis on which the telescope revolves. This will he seen by the 

figures, which represent the portion of the lines in each of the four 

A 

Fig. 243. B -S -V 



jSt-^ 
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observations which have been made. In each of the figures the 
long thick line represents the telescope, and the short one the axis 
on which it turns. In Yig. 243 the line of sight is directed to B. 
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In Fig. ^44 the telescope haa been turned over, and with it the 
axis, so chat the obtuse angle, marked in the first figure, haa 
taken tie place, 0', of the acute angle, and the telescope points to 
C instead of to E. In Fig. 245 the vernier plate haa heen turned 
half around so as to point to B agEun, and the same obtuse angle 
haa got aroimd to 0". In Fig. 246 the telescope has been turned 
over, the obtuse angle is at 0'", and the telescope now points to B. 

To make the line of coUimation perpendicular to the axis, the 
former must have its direction changed. This is efiected by mov- 
ing the vertical hair the proper distance to one side. As was 
explained in Art. (330), and represented in Fig. 217, the cross- 
hairs are on a ring held by four screws. By loosening the left^ 
hand screw and tightening the right-hand one, the ring, and with 
it the croBS-hairs, will be drawn to the right ; and vice versa. Two 
l.olea at right angles to each other pass through the outer heads of 
the screws. Into these holes a stout steel wire is inserted, and 
the screws can thus be turned around. Screws so made are called 
" capstan-headed," One of the other pair of screws may need to 
be loosened to avoid strainmg the threads. In some French instru- 
ments, one of each pair of screws is replaced by a spring. 

To find how much to move this vertical hair, measure from C to 
D, Mg. 242, page 243. Set a stake at the middle point E, and 
set another at the point F, midway between D and E. Move the 
vertical hair till the line of sight strikes F. Then the instrument 
is adjusted ; and if the line of sight be now directed to E, it will 
strike B, when the telescope is turned over ; since the hair is 
moved half of the doubled error, DE, The operation will gene- 
rally require to be repeated, not being quite perfected at first. 

It should be remembered, that if the Telescope used does not 
invert objects, its eye-piece will do so. Consequently, with such a 
telescope, if it seems that the vertical hair should be moved to the 
!eft, it must be moved to the right, and vice versa. An inverting 
.elescope does not invert the cr(KS-hairs. 

If the young surveyor has any doubts as to the perfection of hia 
rectification, he may set another stake exactly under the instrument 
by means of a plumb-line suspended from its centre ; and then, m 
like manner, set his Transit over B or E. He will find that the 
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other two stakes, A and the extreme one, are ia the same straight 
line with his instrument. 

In Bome inatramenta, the horizontal axis of the teieacope can be 
taken out of its supports, and turned over, end for end. In such 
a case, the line of sight may be directed to any well defined point, 
and the axis then taken out and turned over. If the line of sight 
again strikes tJie same point, this line ia perpendicular to the axis. 
If not, the apparent error is double the real error, as appears from 
the figures, the obtuse angle coming to 0', and the desired per- 



-^ 



pendicular line falling at C midway between B and B'. The rec- 
tification may be made as before; or, in some large instruments, in 
which the telescope is supported on Ys, by moying one of the Y^ 
laterally. 

(S62) The Theodolite must be treated diBerently, since its tele- 
Hcope does not reverse. One substitute for this reversal, when it 
b desired to range out a line forward and backward from one sta^ 
tion, is, aft«r sighting in one direction, to take the telescope out of 
the Y3 and turn it end for end, to sight in the reverse direction. 
This it can be made to do by adjusting its line of collimation as 
explained in the last article. Another substitute is, after sighting 
in one direction, and noting the reading, to turn the vernier plate 
around exactly 180°. But this supposes not only that the gradua 
tion is perfectly accurate, but also that the line of collimation is 
exactly over the centre of the circle. To test this, after sighting 
to a point, and noting the reading, take the telescope out of the 
Ys and tarn it end for end, and then torn the vernier plate 
around exactly 180°, If the line of sight again strikes the same 
point, the latter condition exists. If not, the maker must remedy 
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the defect. Thia error of eccentricity ia similar to that explained 
with respect to the compass, in the latter part of Art. (226). 

(363) Tbird adjustment. To cause the line of colUmation to 
revolve in a vertical plane." 

YerifieaUon. Suspend a long plumh-line from some high point. 
Set the instrument near this line, and level it carefully. Direct 
the telescope to the plumb-line, and see if the intersection of the 
cro33-haira follows and remains upon this line, when the telescope 
is turned up and down. If it does, it moves in a vertical plane. 

The angle of a new and well-built house will form an imperfect 
substitute for the plumb-line. 

Otherwise ; the instrument being set up and levelled aa above, 
place a basm of some reflecting liquid (quicksilver being the best, 
though molasses, or oil, or even water, will answer, though less per- 
fectly,) so that the top of a steeple, or other point of a high object, 
can be seen in it through the telescope by reflection. Mate the 
intersection of the cross-hairs cover it. Then turn up the tele- 
scope, and if the intersection of the croas-hairs bisects also the 
object seen directly, the line of sight has moved in a vertical plane. 
If a star be taken as the object, the star and its reflection will be 
equivalent (if it be nearly over head) to a plumb-line at least fifty 
million million miles long. 

Otherwise ; set the instrument as close aa possible to the base 
of a steeple, or other high object ; level it, and direct f 's- S49 
it to the top of the steeple, or to some other elevated 
and well defined point. Clamp the plates. Turn down 
the telescope, and set up a pin in the ground pre- 
cisely " in line." Then loosen the clamp, turn over 
the telescope, and turn it half-way around, or so 
far as to again sight to the high point. Clamp 
the plates, and agam turn down the telescope. If 
the line of sight again strikes the pin, the telescope 
has moved in a vertical plane. If not, the apparent '?' 
error is double the real error. For, let S be the top of the steeple. 
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AtUnstmente. 



(Pig. 249) and P' the pin ; then the plane in ^ hich 
the telescope moves, seen edgewise, is SP' ; and, 
after being turned around, the line of sight 
moves in the plane SP", as far to one side of 
the vertical plane SP, as SP' was on tiie other 
side of it, 

Hectification. Since the second adjustment 
causes the line of sight to move in a plane per- 
pendicular to the axis on which it turns, it will 
move in a vertical plane if that axis be hori- 
zontal. It may be made so by filing off the 
feet of the standards which supjwrt the higher 
end of the axis. This will be best dune by the 
maker. In some instruments one end of the 
axis can be raised or lowered. 

(361) Centrifl^ «ye-piece. In some in- j 
strumenta, such as that of which a longitudinal 
section is shown in the margin, the inner end 
of the eye-piece may be moved so that the ^ 
cross-hairs shall be seen precisely in the cen- 
tre of its field of view. This is done by means 
of four screws, arranged in pairs, hke those of 
the cross-hair-ring screws, and capable of mov- 
ing the eyerpiece up and down, and to right 
or left, by loosening one and tightening the 
opposite one. Two of them are shown at A, A, 
in the figure ; in which B, B, are two of the 
cross-h(ur screws. 

(365) Centring object-^lass. In some 
instruments four screws, similarly arranged, 
two of which are shown at C, C, can move, in 
any direction, the inner end of the slide which 
carries the object-glass. The necessity for 
such an arrangement arises from the impossi- 
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bility of drawing a tube perfectly straight. Consequently, the 
line of eollimation, when the tube is dra^yn in, will not coincide with 
the same line when the tube is pushed out. If adjusted for one 
position, it will therefore be wrong for the other. These screws, 
however, can make it right in both positions. They are used as 
followa. 

Sight to some well defined point as far off as it can be distinctly 
seen. Then revolve the telescope half around in its supports ; 
i. e. turn it upside down.' If the line of eollimation was not in 
the imaginary axis of the rings or collars on which the telescope 
rests, it will now no longer bisect the object sighted to. Thus, 
if the horizontal hair was too high, as in Fig. 251. this line of 




eollimation would point at first to A, and after being turned over, it 
would point to B. The error is doubled by the reversion, and it 
should point to C, midway between A and B. Make it do so, by un- 
screwing the upper capstan-headed screw, and screwing in the lower 
one, till the horizontal hair is brought half way back to the point. 
Remember that in an erecting telescope, the cross-hairs are reversed, 
and vice versa. Bring it the rest of the way by means of the 
paraUel plate screws. Then revolve it in the Ys back to its orig- 
inal position, and see if the intersection of the cross-hairs now 
bisects the point, as it should. If not, again revolve, and repeat 
the operation till it is perfected. If the vertical hair passes to the 
right or to the left of the pomt when the telescope is turned half 
around, it must be adjusted in the same manner by the other pair 
of cross-hau-s screws. One of these adjustments may disturb the 
other, and they should be repeated alternately. When they are 
perfected, the intersection of the cross-hairs, when once fixed on a 
point, will not move from it when the telescope is revolved in its 

* la Theodolites, the Telescope is revolved in ibe Ya. In Tranaits, the maker, 
by whom tliia adjustment is usually performed, revolves the Telescope, in the 
iame manner, before it is fixed in its cvoEE-bsr. 
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supports. This double operation is called adju&ting the line of 
coUimation.'* 

This line is now adjusted for distant objects. It would be so for 
near ones also, if the tube were perfectly strdght. To test this, 
sight to some point, as near aa ia distinctly visible. Then turn the 
telescope half over. If the intersection does not now bisect the 
point, bring it half way there by the screws C, C, of Fig. 250, 
moving only one of the hairs at a time, aa before. Then repeat 
the former adjustment on the distant object. If this is not quite 
perfect, repeat the operation. 

This adjustment, in instruments thus arranged, should precede 
the first one which we have explained. It is usually performed 
by the maker, and its screws are not visible in the Transit, bemg 
enclosed in the ball seen where the telescope is connected with 
the croaa-bar.l 

All the adjustments should be meddled with as little as possible, 
lest the screws should get loose ; and when once made right they 
should be kept so by careful usage. 

" This "adjustment nf the line of coUimation" has merely bronghl the inlersec- 
tion of the croBa-hairs (which files the line of sight) into the line joining the cen- 
Ires of the collars on which the telescope turns in the Ys ; but ihe maker is snp- 
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CHAPTER IV. 

THE FIELD-WORK. 

(366) To measure a borlzontal angle. Set up the instrument 
80 that'its centre shall be Fig. 252. 

exactly over the angu- 
lar point, or in the in- 
tersection of the two 
lines whose difference of 
direction is to be measured; as at B in the figure, A plumb 
line must be suspended from under the centre. Dropping a 
stone is an imperfect substitute for this. Set the instrument 
so that its lower parallel plate may be as nearly horizontal as 
possible. The levels will serve as guides, if the four parallel-plate 
screws he first so screwed up or down that equal lengths of them 
shall he above the upper plate. Then level the instrument care- 
fully, as in Art. (338). Direct the telescope to a rod, stake, or 
other object, A in tlie figure, on one of the lines which form the 
angle. Tighten the clamps, and by the tangent-screw, (see Art. 
(336)), move the telescope so that the intersection of the cross- 
hairs shall very precisely bisect this object. Note the reading of 
the vernier, as explained in the preceding chapter. Then loosen 
the clamp of the vernier, and direct the t«l6seope on the other fine 
(as to C) precisely as before, and again read. The difference of 
the two readings will he the desired angle, ABC. Thus, if the 
first reading had been 40° and the last 190°, the angle would be 
150°. If the vernier had passed 360° in turning to the second 
object, 360° should be added to the last reading before subtract- 
ing. Thus, if tbe first reading had been 300°, and the last read- 
ing 90°, tlie angle would be found by calling the last reading, as 
it really is, 360° + 90° = 450°, and then subtracting 300°. 

It is best to sight first to the left band object and then to the 
right hand one, turning " with the sun," or like the hands of a 
watch, since the numbering of tbe degrees usually runs in that 
direction. 
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It is convenient, though not necessary, to begin bj setting tbe 
vernier at zero, by the upper movement (that of the vernier plate 
on the circle) and then, by meana of the lower motion, (that of 
the whole instrument on its axis), to direct the telescope to the first 
object. Then fasten the lower clamp, and sight to the second 
object as before. The reading will tben be the angle desired. 
An objection t« this is that the two verniers seldom read alike,* 

After one or more angles have been observed from one point, 
the telescope must be directed back to the first object, and tlie 
reading to it noted, so as to make sure that it has not slipped. 
A watch-telescope (see Art. 339) renders this unnecessary. 

The error arising from the instrument not being set precisely 
over the centre of the station, will be greater the nearer the object 
sighted to. Thus a difference of one inch would cause an error of 
only S" in the apparent direction of an object a mile distant, but 
ono of nearly 3' at a distance of a hundred feet. 

(367) Reduction of liigb and low objects. When one of the 
objects sighted to is higher than the other, the " plunging tele- 
scope" of these instruments causes the angle measured to be the 
true horizontal angle desired; i. e. the same angle as if a point 
exactly under the high object and on a level with the low object 
(or vice versa) had been sighted to. For, the telescope has been 
caused to move in a vertical plane by the 3d adjustment of Chap- 
ter II, and the angle measured is therefore the angle between the 
vertical planes which pass through the two objects, and which 
" project" the two lines of sight on the same horizontal plane. 

This constitutes the great practical advantage of these instru- 
ments over those which are held in the planes of the two objects 
observed, such as the sextant, and the " circle" much used by the 
French. 



• Tlie leai'oer will do well to gaugo his own precision and tiiai cjf die instrument 
(and lie may rest asaored that his own will l>e the one chiefly iiilault) by meHSUr- 
iug, fi'oin any station, the angles between Euccesslve points all aroaiiJ him, till he 
gets back to the first point, beginning at different parts of the circle for each angle. 
The sum of all these angles chorUd exactly equal 360<>. He will ptobably find 
qaite a ditference from that. 
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(368) Notation of angles. The angles observed may be 
noted io various waya. Thus, the observation of the angle ABC, 
in Kg. 252, may be noted " At B, from A to C, 150°," or better, 
" At B, between A and C, 150'." In column form, this becomes 

Between A|150°|and C. 
At I B I 
When the vernier had been set at zero before sighting to the 
first object, and other objects were then sighted to, those objects, 
the readings to which were less than 180°, will be on the left of 
the first line, and those to which the readings were more than 
180°, will be on its right, looking in the direction in which the sui^ 
vey is proceeding, from A to B, and so on.* 

(369) Probable error. Wben a number of separate observar 
tions of an angle have been made, the mean or average of them all, 
(obtained by dividing the sum of the readmgs by their number,) 
is taken as the true reading. The " Probable error" of this mean, 
is the quantity, (minutes or seconds) which is such that there is an 
even chance of the real error being more or less than it. Thus, 
if ten measurements of an angle gave a mean of 35° 18', and it 
was an equal wager that the error of this result, too much or too 
little, was half a minute, then half a minute would be the " Probable 
error" of this determination. This probable error is equal to the 
square root of the sum of the squares of the errors (i. e. the difiei^ 
ences of each observation from the mean) divided by the number 
of observations, and multiplied by the decimal 0,674489. 

The same result would be obtained by using what is called 
" The weiffhi" of the observation. It is equal to the square of 
the number of observations divided by twice the sum of the squares 
of the errors. The " Probable error" is equal to 0.476936 divided 
by the square root of the weight. These rules are proved by the 
" Theory of Probabilities," 

(370) To repeat an ansle. Begin as in Art. (;!i>S)> ^.nd 
measure the angle as there directed. Then unclamp below, 
and turn the circle around till the telescope is again directed to 
the first object, and made to bisect it precisely by the lower ian- 

*Tbis ia very aseful iu preventing any ambiguity in llie field-notes. 
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gent screw. Then unelamp above and turn tbe vernier plate till 
the telescope again points to the second object, the first reading 
remaining unchanged. The angle will now have beeq measured a 
second time, but on a part of the circle adjoining that on which it 
was first measured, the second arc be^nning where the first ended. 
The difference between the first and last readings will therefore be 
twice the angle. 

This operation may be repeated a third, a fourth, or any num- 
ber of times, always turning the telescope back to the first object 
by the lower movement, (so as to start with the reading at which 
the preceding observation left off) and turning it to the second 
object by the upper movement. Take the difference of the first 
and last readings and divide by the number of observations. 

The advantage of this method is that the errors of observation 
(i. e. sighting sometimes to the right and sometimes to the left of 
the true point) balance each other in a number of repetitions; 
while the constant error of graduaUon is reduced in proportion to 
this number. This beautiful principle has some imperfections in 
practice, probably arising from the slipping and straining of the 
clamps. 

(371) Angles of deflection. The angle of deflection of one 
line from another, is the Fi^. 2:i3. 

angle which one line ^^'^ 

makes with the other --^ 

line produced. Thus, in ^^>C b' 

the figure, the angle of ^!^ 

deflection of BC from 

AB, is B'BC. It is evidently the supplement of the an^e ABC. 

To measure it with the Transit, set the instrument at B, direct 
the telescope to A, and tlien turn it over. It will now point in the 
direction of AB produced, or to B', if the 2d adjustment of Chapter 
II, has been performed. Note the reading. Then direct the 
telescope to C. Note the new reading, and their difference will 
be the required angle of deflection, B'BC, 

If the vernier be set at aero, before taking the first observation, 
the readings for objects on the right of the first line will be less than 
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180", and more than 180° for objects on the left ; converaely to 
Art. (368). 

(372) Line surY«j'ing. The survey of a line, such as a road, 
&c,, can be made by the Theodolite or Transit, with great precis- 
ion ; measuring the angle which each line makes with the preced- 
ing Hne, and noting their lengths, and the necessary o^ets on each 
side. 

Short lines of sight should be avoided, since a slight inaccuracy 
in setting the centre of the instrument exactly over or under the 
point previously sighted to, would then much affect the angle, as 
noticed at close of Art, (366). Very great accuracy can be ob- 
tained by using three tripods. One would be set at the first sta- 
tion and sighted back to from the instrument placed at the second 
station, and a forward sight be then taken to the third tripod placed 
at the third station. The instrument would then be set on this 
third tripod, a back sight taken to the tripod remaining on the se- 
cond station, and a foresight taken to the tripod brought from the 
first station to the fourth station ; to which the instrument is nest 
taken : and so on. This is especially valuable in surveys of mines. 

The field-notes may be taken as directed in Chapter III of Com- 
pass Surveymg, pages 149, &e., the angles taking the place of 
the Bearings. The " Checks by intersecting Bearings," explained 
in Art. (246), should also be employed. The trngles made on each 
side of the stations may both be measured, and the equality of their 
sum to 360°, would at once prove the accuracy of the work. 

If the magnetic Bearing of any one of the lines be given, and 
that of any of the other lines of the series be required, it can be 
deduced by constructing a diagram, or by modifications of the rules 
given for the reverse object, in Art. (243). 

(373) Traversing ; Or Sarvejlng bj the back-angle. This is 

a method of observing and recording the different directions of suc- 
cessive portions of a line, (such as a road, the boundaries of a farm, 
&c.,) so as to read off on the instrument, at each station, the angle 
which each line makes — not with the preceding line, but — with the 
first line observed. This line is, therefore, called the meridian of 
that survey. 
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Tbe Field-work. 

Fig. 254. 




Set up the instrument at the first angle, or second station, (B, 
in the figure), of the line to be surveyed. Sight to A and then to 
C. Clamp the vernier, and take the instrument to C. Loosen 
the lower clamp, and direct the telescope to E, the reading remain- 
ing as it was at E, Clamp below, loosen above, and sight to D. 
The reading of the instrument will be the angle which the line CD 
makes with the first line, or Meridian, AE. 

Take the instrument to D. Sight back to C, and then forward 
to B, as before direet«d, and the reading of the instrument will be 
the angle which DE makes with AE. 

So proceed for any number of lines, 

"When the Transit is used, the angles of deflection of each line 
from the first, obtained by reversing the telescope, may be used in 
" Traversing," and with much advantage when the successive 
lines do not differ greatly in their directions. 

The survey represented in the figure, 
is recorded in the first of the accompa- 
nying Tables, as observed with the The- 
odolite ; and in the second Table, as 
observed with the Transit. 

The chief advantage of this method is its greater rapidity m the 
field and in platting, the angles being all laid down from one meri- 
dian, as in Compass-surveying. This also increases the accuracy 
of the plat, since any error in the direction of one line does not 
affect the directions of the following lines.* 

(374) Cse of the Compass, The chief use of the Compass 
attached to a Transit or Theodolite, is as a check on the observa^ 
tions ; for the difference between the magnetic Bearings of any 

* If there are two verniers ; t«ke care always to read Iha degteea from the 
EHine vernier. Mack it A. 
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two lines should be the same, approximately, as the angle between 
them, measured by the more accurate instrumenta. The Bearing 
also prevents any ambiguity^ as to whether an angle was taken to 
the right or to the left. 

The instrument may also be used like a simple compass, the tele- 
scope taking the place of the sights, and requiring similar tests of 
aeeuracy. A more precise way of taking a Bearing is to turn the 
plate to which the compass box is attached, till the needle points 
to zero, and note the reading of the vernier ; then sight to the 
object, and again read the vernier. The Bearing will thus be 
obtained more minutely than the divisions on the compass box 
could ^ve it. 

(S75) IHeasarlng distances with a telescope and rod. On 

the croaa-hair ring, described in Art. (330), stretch two more hori- 
zontal spider-threads at equal distances above and below the ori^- 
nal one ; or all may be replaced by a plate of thin ^'S- ^55. 
glass, placed precisely in the focus, with the necessary /- 
lines, as in the figure, etched by fluoric acid. Let a I — 
rod, 10 or 15 feet long, be held up at 1000 feet ofi', and 
let there be marked on it precisely the length which 
the distance between two of these lines covers. Let this be subdi- 
vided as minutely as the spaces, painted alternately white and 
red and numbered, can be seen. If ten subdivisions are made, 
each will represent a distance of 100 feet off, and so on. Con- 
tinue these divisions over the whole length of the rod. It is now 
ready for use. Tlie French call it a stadia. When it is held up 
ai any unknown distance, the number of divisions on it intercepted 
between the two lines, will indicate the distance with considerable 
precision. It should be tested at various distances, 

A " Levelling-rod," dirided into feet, tenths and hundredths, 
may be used as a etadia, with less convenience but more precision. 
Experiments must previously determine at what distances the 
space between the lines in the telescope covers one foot, &c. Then, 
at any unknown distance, let the sliding " target" of the rod be 
moved till one line bisects it, and its place on the rod be read off; 
let the target be then moved so that the other line bisects it and let 
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ita place be again noted. Then the required diatance will be equal to 
the difference of the readings on the rod, in feet, multiplied by the 
distance at which a foot was intercepted between the lines. 

One of the horizontal hairs may he made movable, and ita dis- 
tance from the other, when the space between them exactly covers 
an ohject of known height, can be very precisely measured by 
counting the number of taroa and fractions of a turn, of a screw 
by which this movable hair is raised or lowered. A simple pro- 
portion will then ^ve the distance. 

On sloping ground a double correction is necessary to reduce 
the slope to the horizon and to correct the oblique view of the rod. 
The horizontal distance is, in consequence, approximately equal to 
the observed distance multiplied by the gqaare of the cosine of the 
slope of the ground. 

The latter of the above two corrections will be dispensed with 
by holding the rod perpendicular to the line of sight, with the aid 
of a right angled triangle, one side of which coincides with the rod 
at the height of the telescope, and the other side of which adjoining 
the right angle, is caused, by leaning the rod to point to the tele- 
scope. 

Other contrivances have been used for the same bj t u h as 
a Binocular Telescope with two eye-pieces n 1 n d at a c tan 
angle; a Telescope with an object-glass ut nt t m abl 
parts; &c. 

(376) Ranjlfin? oat lines. This is the converse of Surveying 
lines. The instrument is fixed over the first station with great 
preciaon, its telescope being very carefully adjusted to move in a 
vertical plane. A series of stakes, with nails driven in their tops, 
or otherwise well defined, are then set in the desired line as far 
as the power of the instrument extends. It is then taken forward 
to a stake three or four from the last one set, and is fixed over it, 
first by the plumb and then by sighting backward and forward to 
the first and last stake. The line is then continued as before. A 
good object for a long sight is a board painted like a target, with 
black and white concentric rings, and made to slide in grooves cut 
in the tops of two stakes set in the ground about in the line. It 
17 
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is mored till the vertical hair bisects the circles (which the eye 
can determine with great precision) and a plmnb-line dropped from 
their centre, gives the place of the stake. "Mason & Dixod's 
Line" was tiius ranged. 

If a Transit be used for ranging, its " Second Adjustment" is 
most important to ensure the aeeuraey of the reversal of its Tele- 
scope. If a Theodolite be used, the line Is continued by turning 
the vernier 180°, or by reversing ilie t^escope in its Y8> as noticed 
in Arts. (325) and (362). 

(377) Farm Sarveylng, &c. A large farm can be most eaaly 
and accurately surveyed, by meaauring the angles of its main boun- 
daries (and a few main diagonals, if it be very large,) with a The- 
odolite or Transit, as in Arts. (366) or (371), and fillin g up the 
interior details, as fences, &c., with the Compass and Chain. 

If the Theodolite he osed, *"!§■ 350. 

teep the field on the left f^T ~~~— — ,— —j^-r 

hand, as in follotving the or- L-- '' ^'feTi 

der of the letters in this i '""\ 

figure, and turn the telescope \ /'200°""\ ,-^1 

around "with the sun," and \^qI\ __-J-''™ — — -i^-— LL 

the angles measured as in d©-""^ 

Art. (366), will be the interior angles of the field, as noted in the 

figure. 

The accuracy of the work will be proved, as alluded to in 
Art. (257), if the sum of all the interior angles be equal to the pro- 
duct of 180° by the number of sides of the figure less two. Thus 
in the figure, the sum of all the interior angles = 540° = 180° X 
(5 — 2). The sum of the exterior angles would of course equal 
180= X (5 -J- 2) = 1260°. 

If the Trandt be used, the farm should be kept on the right 
hand, and then the angles measured wilt be the supplements of the 
interior angles. If the angles to the right be called positive, and 
those to the left negative, their algebraic sum should equal S60°. 

If the boundary lines be surveyed by " Traversing," as in Art. 
(373), the reading, on getting back to the last station and looking 
back to the first line, should be 360°, or 0°, 
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The content of any surface aurveyed by " Traversing " with the 
Transit can be calculated by the Traverse Table, as in Chapter 
VI, of Part in, by the following modification. When the angle 
of deflection of any side from the first side, or Meridian, is less than 
90°, call this angle the Bearmg, find its Latitude and Departure, 
and call them both plus. When the angle is between 90° and 
180°, call the difference between the angle and 180° the Bearing, 
and call its Latitude minus and its Departure plus. When the 
angle is between 180° and 270°, call its difference from 180° the 
Bearing, and call its Latitude minus and its Departure minus. 
When the angle is more than 270°, call its difference from 360° 
the Bearing, and call its Latitude plus and its Departure minus. 
Then use these as in getting the content of a Compass-survey. 
The signs of the Latitudes and Departures follow those of the 
cosmes and sines in the successive quadrants. 

TownrSurveying would be perfonned as directed in Art. (26!), 
substituting "angles" for "Bearings." "Traversmg" is the best 
method in all these cases. 

Inaccessible areas would be surveyed nearly as in Art. (134), 
except that the angles of the lines enclosing the space would be 
measured with the instrument, instead of with the chain. 

(378) Platting. Any of these surveys can be platted by any 
of the methods explained and characterized in Chapter IV, of the 
preceding Part. A circular Protractor, Art. (264), may be 
regarded as a Theodolite placed on the paper. " Platting Bear- 
ings," Art. (265), can be employed when the survey has been 
made by " Traversing," But the method of " Latitudes and De- 
partures," Art. (285), is by far the most accurate. 
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TRIANGULAR SURVEYING; 

OR 

By iJie Fourth Method. 

(379) Triangular SuEVETma is founded on the Fourth Method 
of determining tfae position of a point, by the intersection of two 
known lines, as ^ven in Art. (8)- By an extension of the princi- 
ple, a field, a farm, or a country, can be surveyed by meaaaring 
on!yoneline,andcalculatingalItIieotheriie8ired distances, which are 
made sides of a connected series of imaginary Triangles, whose 
angles are carefully measured. The district surveyed is covered 
with a sort of net-work of such triangles, whence the name given to 
this kind of Surveying. It is more commonly called " Trigonome- 
irical Surveying;" and sometimes " Gieodesic Sun'eying," but im- 
properly, since it does not necessarily take into account the curv- 
ature of the earth, though always adopted in the great surveys in 
which that is considered. 

(380) Oatline of operations. A ha«e line, as long as possible, 
(5 or 10 miles in surveys of countries), is measured with extreme 
accuracy. 

From its extremities, angles are taken to the most distant objects 
visible, such as steeples, signals on mountain tops, &c. 

The distances to these and between these are then ccJcalated h-^ 
the rules of Trigonometry. 

The instrument is then placed at each of these new stations, and 
angles are taken from them to still more distant stations, the calcu- 
lated lines being used as new base lines. 

This process is repeated and extended till the whole district is 
embraced by these " primary triangles " of as large sides as possible. 
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One side of the last triangle is so located that its length can be 
obtained by measurement as well as by calculation, and the agree- 
ment of the two proves the accuracy of the whole work. 

Within tJiese primary triangles, secondary or smaller triangles 
are formed, to fix the position of the minor local defeiils, and to 
serve as starting points for common surveys with chain and com- 
pass, &G. Tertiary triangles may also be required. 

The larger triangles are first formed, and the smaller ones based 
on them, in accordance with the important principle in all survey- 
ing operations, always to work from the whole to the paits, and from 
greater to leas. 

Each of these steps will now be considered in turn, in the 
following order : 

1. The Base; articles (881), (382). 

2. The Triangulation ; articles (383) to (390). 

3. Modifications of the method; articles (391) to (395). 

(381) IHeftSiirln^ a Base. Extreme accuracy in this is neces- 
sary, because any error in it will be midtiplied in the subsequent 
work. The ground on which it is located must be smooth and nearly 
level, and its extremities must be in sight of the chief points in the 
neighborhood. Its point of beginning must be marked by a stone 
set in the ground with a bolt let into it. Over this a Theodolite 
or Transit is to be set, and the line " ranged out" as directed in 
Art. (376). The measurement may be made with chains, (which 
should be formed like that of a watch,) &c. but best with rods. We 
will notice in turn their Materials, Supports, Alinement, Levelling, 
and Oontaet. 

As to Materials, iron, brass and other metals have been used, 
but are greatly lengthened and shortened by changes of tempera- 
ture. Wood is affected by moisture. Glass rods and tubes are 
preferable on both these accounts. But wood is the most conve- 
nient. Wooden rods should be straight>-grained white pine, &c. ; 
well seasoned, baked, soaked in boiling oil, painted and varnished. 
They may be trussed, or framed like a mason's plumb-line level, to 
prevent their bending. Ten or fifteen feet is a convenient length. 
Three are required, which may be of different colors, to prevent 
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mifitakes in recording. They must be verj carefully compared 
with a standard measure. 

Supports must be provided for the rods, in accurate work. 
Posts set in line at distances equal to the length of the rods, may 
be driven or sawed to a uniform line, and the rods laid on them, 
either directly, or on beams a little shorter. Tripods, or trestles, 
with screws in their tops to raise or lower the ends of the rods 
resting on them, or blocks with three long screws passing through 
them and serving as legs, may also be used. Staves, or legs, for 
the rods have been used ; these legs bearing pieces which can slide 
up and down them and on which the rods themselves rest, ruler 

The Alinemmt of the rods can be effected, if they are Itud on 
the ground, by strings, two or three hundred feet long, stretched 
between the stakes set in the line, a notched peg being driven when 
the measurement has reached the end of one string, which is then 
taken on to the next pair of stakes ; or, if the rods rest on supports, 
by projecting points on the rods being a^ned by the instrument. 

The Levelling of the rods can be performed with a common 
mason's level ; or their angle measured, if not horizontal, by a 



The CoDtaotg of the rods may be effected by bringing them end 
to end. The third rod must be applied to the second before the 
first lias been removed, to detect any movement. The ends must 
be protected by metal, and should be rounded (with radius equal 
to length of rod) so as to touch in only one point. Round-headed 
nails will answer tolerably. Better are small steel cylinders, hori- 
zontal on one end and vertical on the other. Sliding ends, with 
verniers, have been used. If one rod be higher than the next one, 
one must be brought to touch a plumb-line which touches the other, 
and its thickness be added. To prevent a shock from contact, the 
rods may be brought not quite in contact, and a wedge be let down 
between them till it touches both at itnown points on its graduated 
edges. The rods may be laid aide by side, and lines drawn across 
the end of each be made to coincide or form one line. This is more 
accurate. Still better is a " visual contact," a double microscope 
with cross-hairs being used, so placed that one tube bisects a dot 
at the end of one rod, and the other tube bisects a dot at the end 
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of the nest rod. The rods thus never touch. The distance 
between tiie two sets of croaa-hairs is of course to be added. The 
combmation of this prmeiple with an arrangement by wliich bars 
of two metals preserve a length invariable at all temperatures, as 
used on the U. S. Coast Survey, leaves nothing to desire in preci- 
sion. 

A Base could be measured over very uneven ground, or even 
water, by suspending a series of rods from a stretched rope by 
rings in which they can move, and levelling them and bringing 
them into contact as above, 

(382) Corrections of Base. If the rods were not level, their 
length must be reduced to its horizontal projection. This would 
be the sijuare root of the difference of the scjuares of the length of 
the rod (or of the base) and of the height of one end above the 
other ; or the product of the same length by the cosine of the 
angle which it makes with the horizon.* 

If the rods were metallic, they would need to be corrected for 
temperature. Thus, if an iron bar expands TUoSiTEiff of its length 
for 1° Fahrenheit, and had been tested at 32°, and a Base had been 
measured at 72° ivith such a bar 10 feet long, and found to contain 
3000 of them, its apparent length would be 30,000 feet, but its 
real length would be 8.4 feet more. 

(383) Choice of Stations. The stations, or " Trigonometrical 
points," which are to form the vertices of the triangles, and to be 
observed to and from, must be so selected that the resulting trian- 
gles may be " well-conditioned," i. e. may have such sides and angles 
that a small error in any of the measured quantities will cause the 
least possible errors in the quantities calculated from them. The 
higher Calculus shows that the triangles should be as nearly equi- 
lateral as possible. This is seldom attainable, but no angle should 
be admitted less than 30°, or more than 120°. f 

" More precisely, A being Uiifl angle, and not mui-e Iban S" or 3°, the difier- 
ence between the inclined and horizontsl lengths, equals the inclined or real 
length maltiplied by the square of the miiiutea in A, and that by [he decimal 
O.IHHHI0(KI4231 ; as shewn in Appendix B. In a Geodesic survey, tlie base would 
also be required to bo reduced to the level of the sea. 

t When two angles only are observed, as is often the case in ihc setoiidnry 
Iri angulation, (he unobserved angle ought to be nearly a right angle. 
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To extend the triangulation, by continually increasing the sideB 
of tlie triangles, without introducing "ill-conditioned" triangles, 
may be effected aa in the figure. AS 13 the measured base. 

Fig. 257. 



C and D are the nearest stationa. In the triangles ABC and ABD, 
all the angles being observed and the side AB known, the other 
sides can be readily calculated. Then in each of the triangles 
DAC and DBC, two sides and the contained angles are given to find 
DC, one calculation checking the other. DC then becomes a base 
to calculate EF ; which is then used to find GH ; and so on. 

The fewer primary stations used, the better ; both to prevent 
confusion and because the smaller number of triangles makes the 
correctness of the results more " probable." 

The United States Coast Survey, under the superintendence of 
Prof. A. D. BEtche, displays some fine illustrations of these princi- 
ples, and of the modifications they may undergo to suit various 
localities. The figure on the opposite page represents part of the 
scheme of the primary triangulation resting on the Massa- 
chusetts base and including some remaiiably well-conditioned 
triangles, as well as the system of quadrilaterals which is a valuable 
feature of the scheme when the sides of the triangles are extended 
to considerable lengths, and quadrilaterals, with both ( 
determined, take the place of simple triangles. 

The engraving is on a scale of 1 : 1200,000. 
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Fig. 258. 
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(S84) Sl^Tiials. They must be high, conspicuous, and b 
that the instrument can be placed preeiaely under them. 

Three or four timbers framed into a Fig. SS9. 

pyramid, as in the figure, with a long mast 
projecting above, fulfil the first and last 
conditions. The mast may be made verti- 
cal by directing two theodolites to it and ad- 
justing it so that tbeir telescopes follow it 
up and down, their lines of sight being at 
right angles to each other. Guy ropes 
may be used to keep it vertical. 

A very excellent signal, used on the Massachusetts State Survey, 
by Mr. Eorden, is represented in the three following figures. It 
Fig. 860. Fig. 381. Fig. 262. 






consists merely of three stout sticks, which form a tripod, framed 
with the signal staff, by a bolt passing through their ends and its 
middle. Fig. 260 represents the signal as framed on the ground ■, 
Fig. 261 shews it erected and ready for observation, its base being 
steadied with stones ; and Fig. 262 shews it with the staff turned 
isdtmk mftindlt Itp 
t ting t t n 1 ht f th 1 d b 

tw 15 dSOf t 

\. th good -Ti 1 t f t t po t 1 t t 

th m d tl a ft 1 t t by b It b 1 
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taDce, so as to subtend an angle of half a m'mute, wMeh expe- 
rience lias shown to be the least allowable. 

To make the tops of the signal-masts conspicuous, flags may be 
attached to them ; white and red, if to be seen against the ground, 
and red and green if to be seen against the sky.* The motion of 
flags renders them visible, when mnch larger motionless objects 
are not. But they are useless in caJm weather. A disc of sheet- 
iron, with a hole in it, is very conspicuous. It should be arranged 
80 as to be turned to face each station. A barrel, formed of mus- 
lin sewn together four or five feet long, with two hoops in it two 
feet apart, and its loose ends sewn to the signal-staff, which passes 
through it, is a cheap and good arrangement. A tuft of pine boughs 
fastened to the top of the staff, will be well seen against the sky. 

In sunshine, a number of pieces of tin nEuled to the staff at dif- 
ferent angles, will be very conspicuous. A truncated cone of 
burnished tin will reflect the sun's rays to the eye in almost every 
situation. But a " heliotrope," which is a piece of looking-glass, 
so adjusted as to reflect the sun directly to any desired point, is 
the most perfect arrangement. 

For night signals, an Argand lamp is used ; or, best of all, Drum- 
mond's light, produced by a stream of oxygen gas directed through 
a flame of alcohol upon a ball of lime. Its distinctness is exceed- 
ingly increased by a parabolic reflector behind it, or a lens in front 
of it. Such a light was brilliantly visible at 66 miles distance. 

(385) Oltserrations of the Angles. These should be repeated 
as often as possible. In extended surveys, three sets, ot t*n each, 
are recommended. They should be taken on diffeient pajts of the 
circle. In ordinary surveys, it is well to employ the method ot 
" Traversing,"' Art. (31S). In long sights, the state ot the atmos- 

Fig. 2o4 
• To determine at a station ' 
whether its eignal can be seen ■- J-'T^s^'^ 

from B, prqieeted againal _the ] ^ ^^#*^'? 

anales BAZ and ZAC- If their 
lum equals or exceeds ISO", A 
will be ihua seen from B. If 
not, the signal at A must be raia 
ed till this sum eauals 180°- 
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phere has a very remarkable effect on both the visibility of the 
signals, and on the correctness of the observations. 

When many angles are taken from one station, it is important to 
record them by some uniform system. The form given below is 
convenient. Ifc will be noticed that only the minutes and seconds 
of the second vernier are employed, the degrees being all taken 
from the first. 



Observations 










SlillON READINGS. 


p"^","fl. 


pRECED'a obj't. 


REMARKS 1 


OBSERVED TO TERSIER A. 


VERNIER B. 




A 70" 19' ff 
B 103" 33' 20' 
C nS" 14' 20' 


Iff 40" 
3? 40" 
14' 50" 


70= iff SO" 
103= 32' 30" 
115= 14' 35" 


R. 
E. 





When the angles are "repeated," Art. (870), the multiple 
arcs will be registered under each other, and the mean of the 
seconds shewn by all the verniers at the first and 
adopted. 




(SS6) Reduction to the centre. It is oi^n impos^ble to set 
the instrument precisely at or under the Mgnal which has beea 
observed. In such eases pro- Fig. 965. 

ceed thus. Let C be the cen- 
tre of the signal, and RCL the i 
desired angle, R being the right ^ 
hand object and L'the left hand 
one. Set the instrument at D, 
as near as possible to C, and measure the angle RDL. It may be 
less than ROL, or greater than it, or equal to it, according as D 
lies mthout the circle passing through C, L and R, or within it, or in 
its circumference. The instrument should be set as nearly as pos- 
sible in this last position. To find the proper correction for the 
observed angle, observe also the angle LDC, (called the angle of 
direction), counting' it from 0= to 360°, going from the left-hand 
object toward the left ; and measure the distance DC. Calculate 
the distances CR and CL with the angle RDL instead of ROL, 
since they are sufficiently nearly equal. Then 
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ECL = RDL + 



CD. si 



. (RDL + LDC) CP.BJ 



. LDC. 



CR . ain. 1" CL . sin.l" 

The last two terms will be tlie number of seconds to be added 
or subtracted. The Trigonometrical signs of the sines must be 
attended to. The log. sin. 1" =4, 6855749. Instead of dividing 
by sin. 1", the correction -without it, which will be a very small 
fraction, may be reduced to seconds by multiplying it by 206265. 

Hxam^le. Let RDL = 32° 20' 18" .06 ; LDC = 101° 15' 32" .4 ; 
OD = 0.9; CR = 35845.12; CL = 29783.1. 

The first term of the correction will be + 3".750, and the 
second term — 6".113. Therefore, the observed angle RDL 
must be duninished by 2".363, to reduce it to the desired angle 
ECL. 

Much calculation may be saved by taking the station D so that 
all the signals to be observed can be seen from it. Then only a 
single distance and angle of direction n 

It may also happen that the centre, C, of the 
signal cannot be seen from D. Thus, if the signal 
be a solid circular tower, set the Theodohte at D, 
and turn its telescope so that its hne of sight be- . 
comes tangent to the tower at T, T' ; measure on 
these tangents equal distances DE, DP, and direct 
the telescope to the middle, G, of the line EP. It 
will then point t« the centre, C ; and the distance DC will equal 
the distance from D to the tower plus the radius obtained by mea- 
Buriiig the circumference. 

If the signal be rectangular, measure DE, DP. 
Take any point G on DE, and on DF set off DH 

= DG ^. Then is GH parallel to EP, (since 
DG : DH : : DE : DF) and the telescope directed 
to its middle, K, will pomt to the middle of the 
.DE 




) have DC = DK 



DG" 



Any such case may be solved by similar methods. 
* For the inveatigatiou, tee Appendix B. 
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The "Phase" of objecta is the effect produced by the sun 
shining on on!j one side of them, so that the -telescope wiU be 
directed from a distant station to the middle of that bright side 
instead of to the true centre. It is a source of error to be guarded 
against. Its effect may however be calculated. 

(387) Correction of the angles. When all the angles of any 
triangle can be observed, their sum should equal 180.' If not they 
must be corrected. If all the observations are considered equally 
accurate, one-third of the difference of their sum from 180°, is to be 
added to, or subtracted from, each of them. But if the angles are 
the means of unequal numbers of observations, their errors may be 
considered to be inversely as those numbers, and they may be cor- 
rected by this proportion ; As the sum of the reciprocals of each 
of the three numbers of observations Js to the whole error, So is 
the reciprocal of the number of observations of one of the angles 
To its correction. Thus if one angle was the mean of three obser- 
vations, another of four, and the third of ten, and the sum of all the 
angles was 180° S', the first named angle must be diminished by 
the fourth term of this proportion ; ^ -1- ^ -1- ^^ : 3' : : ^ : 1' 27".8. 
The second angle must in hke manner be diminished by 1' 5". 9 ; 
and the third by 26".3. Their corrected sum will then be 180°. 

It is still more accurate but laborious, to apportion the total 
error, or difference from 180°, among the angles inversely as the 
"Fei^Ais," explained in Art. (389). On the U. S. Coast Survey, in 
wx triangles measured in 1844 by Prof. Bache, the greatest error 
was six-tenths of a second. 

(388) Calculation and plattinf . The lengths of the sides of 
the triangles should be calculated with extreme accuracy, in two 
ways if possible, and by at least two persons. Plane Trigonometry 
may be used for even large surveys ; for, though these sides are 
really arcs and not straight lines, the difference will be only one- 

' Tf the Iriftnglea were \eiy large, lliej- would have to be regarded us fijihei'iea), 
and the sum of iheir angles would be more [ban 180" ; bat this " spherical ex- 
cess" would be only 1" for a ti-iangle containing 76 square miles, 1' for t500 
square mjlee, Stc; and may therefore be neglected in all ordinary aiirveyiug ope- 
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twODtJeth of a foot in a distance of llj miles ; half a foot in 23 
miles ; a foot in 34^ miles, &c. 

The platting ia most correctly done by constructing the triangles, 
as in Art. (90), by means of the calculated lengths of their sides. 
If the measured angles are platted, the best method is that of 
chords. Art. (2T5). If many triangles are successively based on 
one another, they wiU be platted most accurately, by referring all 
their sides to some one meridian line by means of " Rectangular Co- 
ordinates," the Method of Art. (6), and platting as in Art. (271.) 
In the survey of a country, this Meridian would be the true North 
and South line passing through some well determined point, 

(389) Base of Verification. As mentioned in Art. (886), a 

side of the last triangle is so located that it can be measured, as 
was the first base. If the measured and calculated lengths agree, 
this proves the accuracy of all the previous work of measurement 
and calculation, since the whole is a chain of which this is the last 
link, and any error iu any previous part would affect the very last 
line, except by some improbable compensation. How near the 
agreement should be, will depend on the nicety desired and attained 
in the previous operations. Two bases 60 miles distant differed 
on one great English survey 28 inches ; on another one inch ; and 
on a French triangulation extending over 500 miles, the difference 
was less than two feet. Results of equal or greater accuracy are 
obtained on the U. S. Coast Survey. 

(S9*) Interior filling up. The stations whose positions have 
been determined by the triangulation are so many fixed pomts, 
from which more minute surveys may start and interpolate any 
other points. The Trigonometrical points are like the observed 
Latitudes and Longitudes which the mariner obtains at every oppor- 
tunity, so as to take a new departure from them and determine 
his course in the intfirvals by the less precise methods of his com- 
pass and log. The chief interior points may he obtained by " Se- 
condary Triangulation," and the minor details be then filled in by 
any of the methods of surveying, with Chain, Compass, or Transit, 
already explained, or by the Plane Table, described ia Part VIII. 
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Witli the Transit, or Theodolite, " Traversing" is tlie best mode of 
surveying, the instrument being set at zero, and being then 
directed from one of the Trigonometrical points to another, which 
line therefore becomes the " Meridian" of that survey. On reach- 
ing this second point, in the course of the survey, and sighting bact 
to the first, the reading should of course be 0°, as explained in 
Art. (377). 

(3»1) Radialing Trlanfulatlon. This name may be given to 
a method shown in the figure. Choose Fig. 268. 

a conspicuous point, 0, nearly in the 
centre of the field or fana to be sur- 
veyed. Find other points. A, E, C, 
D, kc. Buch that the signal at can be 
seen from all of them, and that the tri- 
angles ABO, BCO, kc, shall be as 
nearly equilateral as possible. Mear 
sure one side, AB for example. At A 
measure the angles OAB, and GAG ; at 
B meaaure the angles OBA and OBC ; and so on, around the 
polygon. The correctness of these measurements may be tested 
by the sum of the angles, as in Art. (377). It may also be tested 
by the Trigonometrical principle that the product of the sines of 
every alternate angle, or the odd numbers in the figure, should 
equal the product of the sines of the remaining angles, the even 
nmnhers in the figure.* 

The calculations of the unknown sides are readily made. In the 
tiiangle ABO, one side and all the angles are given to find AO 
and EO. In the triangle BCO, BO and all the angles are ^ven to 
find BC and CO; and so with the rest. Another proof of the 
accuracy of the work will be given by the calculation of the length 
of the side AO in the last triangle, agreeing with its length as 
he first triangle. 



(392) Fann Triai^ulatlon. A Farm or Keld may be surveyed 
by the previous methods, but the follovfing plan will often be more 




* For ihe dKmonatratian, > 
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coiiTeiiient. Chooae abase, as XY, within 

the field, and from its ends measure the 

OD^ea between it and the direction of 

each comer of the field, if the Theodo- : 

lite or Tranat be naed, or take the 

bearing of each, if tbe Compass be used. 

Consider first the triangles which have 

XY for a base, and the corners of the field, A, B, 0, &c., for 

vertices. In each of them one side and the angles will be known to 

find the other sides, XA, XB, &c. Then consider the field as 

made up of triangles which have their vertices at X. In each of 

them two sides and the included angle will be given to find its 

content, as in Art. (65). If Y be then taken for the common 

vertex, a test of the former work will be obtwned. 

The operation will be somewhat simpUfied by taking for the base 
line a diagonal of the field, or one of its sides. 

(393) Iniceessible Area9> A field or farm may be surveyed, 
by this " Fourth Method," without entering pig, 270. 

it. Choose a base line XY, from which all 
the corners of the field can be seen. Take 
their Bearings, or the angles between the 
Base line and their directions. The dis- 
tances from X and Y to each of them can 
be calculated as in the last article. The 
figure will then shew in what manner the 
content of the field is the difference bet' 
the contents of the triangles, having X (or Y) for a vertex, which 
lie outside of it, and those which lie partly within the field and pariJy 
outside of it. Their contents can be calculated as in the last article, 
and their difference will be the desired content. K the figure be 
regarded as generated by the revolution of a line one end of which is at 
X, while its other end passes along the boundaries of the field, short- 
ening and lengthening accordingly, and if those triangles generated 
by its movement in one direction be called plus and those generated 
by the contrary movement be called minus, their algebraic sum 
will be the content. 

18 
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(391) Inversion of the Fourth Method. In all the opera- 
tions which have been explained, the position of a point has been 
determined, as in Art. (8), by taking the angles, or bearings, of 
two lines passing from the two ends of a Base line to the vmknown 
point. But the same determination may he effected inversely, by 
taking from the point the hearings, by compass, of the two ends of 
the Base line, or of any two known points. The unknown point 
will then be fixed by platting from the two known points the oppo- 
site bearings, for it will he at the intersection of the lines thus 
determined. 

(395) Defects of the Method of Intersection. The determi- 
nation of a point by the Fourth Method (enunciated in Art. (8), 
and developed in thia Part) founded on the intersection of lines, 
has the serious defect that the point sighted to will be very indefi- 
nitely determined if the lines which fix it meet at a very acute or 
ft very obtuse angle , which the relative positions of the points observed 
from and to, often render unavoidable. Intersections at right 
angles should therefore be sought for, so iar as other considerations 
will permit 
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TRILINEAR SURVEYING; 



By the Fifth Method. 

(396) Tbilinear SURVEYraG 19 founded on the Fitih Method of 
determining the position of a point, by measuring the angles betwen 
three lines conceived to pass from the required point to three 
known points, as illustrated in Art. (10). 

To fix the place of the point from these data is much more diffi- 
cult than in the preceding methods, and is known as the " Problem of 
the three points." It will be here solved Geometrically, Iiistru- 
mentally and Analytically. 



(SS?) Geometrical SolBllon. Let A, B a 

Fig. 271. 



1 C be the known 




objects observed from S, the angles ASB and ESC being there 
measured. To fix this point, S, on the plat containing A, B and 
C, draw lines from A and B, making an^es with AB ea«h equal 
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to 90° — ASB. The intersection of these lines at will be the 
centre of a circle passing through A and B, in the circumference 
of which the point S will be sitnated.* Describe this circle. Also, 
draw lines from B and C, making angles with EC, each equal to 
90° — BSC. Their intersection, 0', wiU be the centre of a circle 
passing through B and C. The point S will lie somewhere in its 
circumference, and therefore in its intersection -with the former 
circumference. The point is thus determmed, 

Iji the fignre the observed angles, ASB and BSC, are supposed 
to have been respectively 40° and 60°. The angles set off are 
therefore 50= and 30°. The central angles are consequently 80° 
and 120°, twice the observed angles. 

The dotted lines refer to the checks explained in the latter part 
of this article. 

When one of the angles is obtuse, set off its difference from 90° 
on the opposite side of the line joining the two objects to that on 
which the point of observation lies. 

When the angle ABC is equal to the supplement of the sum of 
the observed angles, the position of the point will be indeterminate ; 
for the two centres obtained will coincide, and the circle described 
from this common centre will pass through the three points, and 
anj point of the circumference will fulfil the conditions of the prob- 
lem. 

A third angle, between one of the three points and a fourth 
point, should always be observed if possible, and used like the 
others, to serve as a check. 

Many tests of the correctness of the position of the point deter- 
mined may be employed. The simplest one is that the-centrea of 
the circles, and O',shou}8 lie in the perpendiculars drawn through 
the middle points of the lines AB and BC. 

Another is that the line BS should be bisected perpendicularly 
by the line 00'. 

A third check is obtained by drawing at A and C perpendiculars 
to AB and CB, and producing them to meet EO and BO' produced, 

■ For, the src AB measures the angle AOB at the centre, which angle = ISO" 
—a (90o — ASB) = 2 ASB. Therefore, any angle inacribed in the circamfer- 
ence and measured by the BBroe arc is equal to ASB 
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in D and E. The line DE should pass through S ; for, the angles 
BSD and BSE being right angles, the lines DS and SE form one 
straight line. 

The figure shews these three checks by its dotted lines. 

(398) iBStrumenlal Solation. The preceding process is tedioi^ 
where many stations ate to be determined. They can be more 
readily found by an instrument called a StaOovrfointer, or Ohoro- 
graph. It consists of three arms, or straight-edges, turning about 
a common centre, and capable of being set so as to make with each 
other any angles desired. This is effected by means of graduated 
arcs carried on their ends, or by taking off with their points (as 
with a pair of dividers) the proper distance from a scale of chords 
(see Art. (214)) constructed to a radius of their length. Being 
thus set so aa to make the two observed angles, the instrument is 
l^d on a map containing the three given points, and is turned 
about till til© three edges pass through these points. Then 
their centre is at the plaee of the station, for the three points there 
subtend on the paper the angles observed in the field, 

A simple and useful substitute is a piece of transparent paper, 
or ground glass, on which three lines may be drawn at the proper 
angles and moved about on the paper as before. 

(399) Analytical SolnlioOi The distances of the required 
point from each of the known points may be obtained analytically. 
Let AB = c; BC = a; ABC = B; ASB = S; BSC = S'. Also, 
makeT = 360' — S— S'— B. , LetBAS = U; BOS = V. 
Then we shall have (as will he shewn in Appendix B) 



Cot. U = cot. 



"^ U . sin. S . COS. T ^ V 



V = T — U 

. wn. TJ 
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Attention must be ^ven to the aSgebrwc signs of the trigonome- 
trical functions. 

Exarnple. ASE = S3= 45' ; BSC= 22= 30' ; AB = 600 feet ; 
BC = 400 feet ; AC = 800 feet. Required the distances and 
directions of the point S from each of the stations. 

In the triftngle ABC, the three aides being known, the angle 
ABO is found to be 104° 28' 39". The formula then ^yes the 
angle BAS = U = 105° 8' 10" ; whence BCS is found to be 94° 
8' 11" ; and SB = 1042.51 ; SA = 710.193 ; and SC = 934.291. 

(400) Maritime Snireylnff. The chief application of the Tri- 
linear Method is to Maritime or Mydrographiocd Surveying, the 
object of which is to fix the positions of the deep and shallow points 
in harbors, rivers, &e., and thus to discover and record the shoals, 
rocks, channels and other important features of the locality. To 
effect this, a series of signals are established on the neighboring 
shore, any three of which may be represented by our points A,B,C. 
They are observed to from a boat, by means of a sextant, and the 
position of the boat is thus fixed as just shewn. The boat is then 
rowed in any desired direction, and soundings are taken at regular 
intervals, till it is found convenient to fix the new position of the 
boat as before. The precise point where each sounding was taken 
can now be platted on the map or chart. A repetition of this pn>- 
cess vrill determine &e depths and the places of each point of the 
bottom. 
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OBSTACLES IN ANGULAR SURVEYING. 

(401) The obstacles, such as trees, houses, hills, valliea, rivers, 
&c., which prevent the direct alinement or measurement of any 
desired course, can he overcome much more easily and precisely 
with any angular instrument than with the chain, methods for using 
wHeh were explained in Part II, Chapter V. They will however 
be taken up in the same order," As before, the given and measured 
lines are drawn with 6ne full lines ; the visual lines with broken 
lines ; and the lines of the result with heavy full lines. 



CHAPTER I. 



PERPENDICULARS AND PARALLELS. 

(403) Erecting Perpendiculars. To erect a perpendicular to 
a line ai a given pointy set the instrument at the ^ven point, and, 
if it be a Compass, direct its sights on the line, and then turn them 
lill the new Bearing differs 90° from the ori^al one, aa explained 
in Art. (243)- A convenient approximation is to Sle notches in 
the Compass-plate, at the 90° points, and stretch over them a thread, 
sighting across which will give a perpendicular to the direction of 
the sights. 

The Transit or Theodolite being set as above, note 
of the vernier and then turn it till the new reading is 90" more 
less than the former one. 
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(103) To erect a perpmdieular to an inaccessible line, at a 
given point of it. Let AB be the line Fig. ars. 

and A the point. Calculate the distance 
from A to any point C, and the angle 
CAB, by the method of Art. (430). Set 
the instrument at C, sight to A, turn an 
angle = CAB, and measure in the direc- 
tion thus ohtamed a distance CP = CA . cos. CAB. 
the required perpendicular. 




(401) Letting fall perpendlcsbrs. To let fall i 
oular to a line from a given point. With the Compass, take the 
Bearing of the ^ven lino and then from the given point run a Une, 
with a Bearing differing 90° from the original Bearing, till it reaches 
the given line. 

With the Tranmt or Theodolite, set it at any point of the g^ven 
hne, as A, and observe the angle between this *'■£- 273. 

line and a line thence to the given point, 
P. Then set at P, sight to the former posi- 
tion of the instrument, and turn a number of 
degrees et^ual to what the observed angle at 
A wanted of 90°. The instrument will then « 

point in the direction of the required perpendicular PB. 

(405) To let fall a perpendicular to a line from an inacceaitile 
point. Let AB be the line and P the Fig.aT4. 

point. Measure the angles PAB, and 
PBA. Measure AE. The angles APG 
and BPC are known, being the t 
ments of the angles measured. Then ii 
tan. APG 



AO=AE. 



tan. APC + tan. BPC" 
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PerpcBdienlara m4 Parallels. 



(406) To let fall a perpendicular to > 
a given point. Let C be the point and 
AB the line. Calculate the angle CAB 
by the method of Art. (430). Set the 
instrument at C, sight to A, and turn an 
angle =90 — CAB. It wiil then point 
in the direction of the required perpen- 
dicular CE. 



I inaccessible line fro 

Fig. 275. 




(407) RBnniD^ Parallels. To trace a line through a given 
foint parallel to a given line. With the Compass, take the Bea^ 
ing of the given Hne, and then, from the given point, run a line 
witli the same Bearing. 

With the Transit or Theodolite, set it at any convenient coint 
of the given line, as A, direct Fig- 276, 

it on tbia line, and note the read- A-r— B 

ing. Then turn the vernier till \ 
the cross-hfura bisect the ^ven \ 
point, P. Take the instrument to p Q 

this point and sight back to the former station, by the lower motion, 
without changing the reading. Then move the vernier till the 
reading is the supplement of what it was when the telescope waa 
directed on the ^ven line. It will then be directed on PQ, 
a parallel to AB, since equal angles have been measured at A 
and P. The manner of reading them is similar to the method of 
"Traversing," Art. (313), 

(408) To trace a line through a given point parallel to an 
inacaessible line. Let be the ^ven ^'S^ "'''■ 

point, and AB the inaccessible line. -^X ' ~_ ^ 

Find the angle CAB, as in Art. (430). 

Set the instrument at 0, direct it to A, 

and then turn it so as to make an angle C E 

with CA equal to the supplement of the angle CAB. It will then 

point in a direction, CE, parallel to AB. 
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CHAPTER II. 



OBSTACLES TO ALmEIHEST. 

A. To PROLONG A LIKE. 

(409) The inatrument being set at the farther end of *a line, and 
directed back to its be^nning, the sighta of the Compass, if that 
be ased, will at once give the forward direction of the line. They 
serve the purpose of the rods described in Art. (169). A distant 
point being thug obtained, the Compass is taken to it and the pro- 
cess repeated. The use of the Transit or Theodolite, for this 
purpose, was fully explained in Art. (376). 

(410) By perpendicalars. When a tree, or house, obstructing 
the line, is met with, place the instru- fig' 278. 
meat at a point B of the Ime, and set jj^ i,^ 



oSF there a perpendicular, to C ; set o 
another at C to D, a third at It to E, 
and a fourth at E, -which last will be in the direction of AJB pro- 
longed. If perpendiculars cannot be conyeniently used, let BG 
and DE make any equal angles with the line AB, so as to make 
CD parallel to it. 

(Ill) By an equilateral triangle. Fig, S79. 

At B, turn aside from the line at an A 
angle of 60°, and measure some con- 
venient distance BO. At C, turn 60° 
in the contrary direction, and mea- c 

sure a distance CD = BC. Tlien will D be a point in the line AB 
prolonged. At D, turn 60° from CD prolonged, and the new 
direction will be in the line of AB prolonged. This method re 
quires the measurement of one angle leaa than the preceding. 



Hosted by 



Google 



CHIP. II.] eitstacles to Allnemcnt. 283 

(412) By trlangnlation. Let p>s- aso. 

AB be the lioe to he prolonged, a B^^^ e T 

Choose some station C, whence '-..^ ^^m <^ 

caa be seen A, B, and a point '' *^ , 

beyond the obstacle. Measure 
AB and the angles A and B, of c 

the triangle ABC, and thence calculate the side AC Set the 
instrument at C, and measure the angle ACD, CD bemg any line 
which will clear the obstacle. Let E be the desired point in the 
lines AB and CD prolonged. Then in the triangle ACE, will be 
known the side AC and its including angles, whence CE can be 
calculated. Measure the resulting distance on the ground, and 
its extremity will be the desired point E. Set the instrument at 
B, sight to 0, and turn an angle equal to the supplement of the 
angle AEO, and you will have the direction, EF, of AB prolonged. 

(413) When the line to be prolonged Is Inaccessible. In 

this case, before the preceding method can be applied, it will be 
necessary to determine the lengths of the lines AB and AC, and 
the angle A, by the method given in Art. (4S0). 

(414) To prolong a line with only an angular instrnment. 

This may be done when no means of measuring any distance can be 



obtained. Let AB be the line 



Fig. 281. 



to be prolonged. Set the in- 
strument at B and deflect an- 
gles of 45° in the directions -^ 
and D. Set at some point, C, 
on one of these lines and deflect 
from CB 45°, and mark the 

point D where this direction intersects the direction BD. Also, at 
C, deflect 90" from CB. Then, at D, deflect 90^ from DB. The 
intersections of these last directions will fix a point E. At E 
deflect 135° from EC or ED, and a Ime EF, in the direction of 
AB wilt be obtained and may be continued.* 
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B. To INTERPOLATE POINTS IN A LINE. 

(115) The instrument being set at one end of a line and directed 
to the other, intermediate points can he found aa in Art. (177), 
&c. If a valley intervenes, the sights of the Compass, (if the 
Compass-plate he very carefully kept level croas-wajs), or the tele- 
scope of the Transit or Theodolite, answer as substitutea for the 
plumb-line of Art. (179). 

(416) By a, random line* When a wood, hill, or other obsta- 
cle, prevents one end of the line, Z, Fig. asa. 
from being seen from the other, A, run ^■=y>3fihe^')£><'^ 
a random line AB with the Compass or A'''^^Sj:y^3^^^^'j 
Transit, &C-., as nearly in tiie desired ^ 
direction as can be guessed, till you arrive opposite the point Z. 
Measure the error, EZ, at right angles to AB, as an offset. Multi- 
ply this error by 57 ja, and divide the product by the distance AB. 
Tiift quoti^fui "wiW \it ftie degrees ani decimal parts ol a degree, 
contained in the angle BAZ. Add or subtract this angle to or 
from the Bearing or reading with which AB was run, according to 
the side on which the error was, and start from A, with this cor- 
rected Bearing or reading, to run another line, which will come out 
at Z, if no error has been committed.* 

Example. A random Une was run, by compass, with a Bearing 
of S. 80° E. At 20 chins' distance a point was reached oppoate 
to the desired point, and 10 links distant from it on its right. 
Required the correct I 



Am. By the rule, ^'^ ^ ^^°'^ = 0°.2865 = 17'. The cor- 
■* ' 2000 

rect Bearing is therefore S. 80° 17' E. If the Transit had been 
used, its reading would have been changed for the new line by ihe 
same 17'. A simple diagram of the case will at once shew whether 
the correction is to be added to the ori^al Bearing or angle, or 
subtracted from it. 
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If Trigonometrical Tables are at hajid, the correction will be 
more precisely obtained from thia equation; Tan. BAZ = — . 



BZ 



10 



: .005 = tan. 17'. 



The 57°. 3 rule, as it is sometimes called, may be variously modi- 
fied. Thu8,multiply the errorby86°,aiid divide by one and a half 
times the distance ; or, to get the correction in minutes, multiply 
by 8438 and divide by the distance ; or, if the error is ^ven in 
feet and the distance in four-rod chtuns, multiply the former by 52 
and divide by the distance, to get the correction in minutes. 

The correct line miy be run with the Bearing of the random 
hne, by turning the vernier for the correction, as in Art. (312). 



(417) By Latttndes mi Departures. When 
a angle line, such as AB, cannot be run so as to 
come opposite to the given point Z, proceed thus, 
with the Compass. Run any number of zig-zag 
courses, AB, BC, CD, DZ, m any convenient 
direction, so as at last to arrive at the desired point. 
Calculate the Latitude and Departure of each of 
these courses and take their algebraic sums. The 
sum of the Latitudes will be equal to AX, and tiiat 
of the Departures toXZ. Then is Tan. ZAX = ^ ; 

i. e. the algebraic sum of the Departures divided 

"by the algebraic sum of the Latitudes is equal to the tangent of 

the Bearing.* 



(418) When the Tranait or Theodolite ia used, any line may be 
taken as a Meridian, i. e. as the hne to which the following hnes 
are referred ; as in " Traversing," Art. (373), page 254, all the 
successive linea were referred to the first line. In the figure, on 
the next page, the same lines as in the preceding figure are repre- 




* The length of the line AZ can also be at once obtained, B 
the square root of the sum of the sqaftres of AX and XZ ; i 
divided by the cosine of the Bearing. 
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aented, but they are referred to the first course, f's- 284, 

AB, instead of to the Magnetic Meridian as 
before, and their Latitudes are measured along 
its produced line, and its Departures perpen- 
dicular to it. As before, a right-angled triangle 
will be formed, and the angle ZAY will be 
the angle at A between the first line AB and 
the desired line AZ. 

This method of operation has many usefiil^ 
applications, such as in obtaining data for running Raikoad Curves, 
kc.f and the student should master it thoroughly. 

The desired angle (and at the same time the distance) can be 
obtained, approximately, in this and the preceding case, by finding 
in a Traverse Table, the final Latitude and Departure of the desired 
line (or a Latitude and Departure having the same ratio) and the 
Bearing and Distance corresponding to these will be the angle 
e desired. 




(419) By similar triangles. ^^s- ass. 

Through A measure any line CD. 
Tate a point E, on the line CB, 
beyond the obstacle, and from it a|- 
set off a parallel to CD, to some 
point, r, in the line DB. Measure , 
EF, CD, and CA. Then this pro- 
portion, CD : CA : : EF : EG, will ^ve the distance EG, from 
E to a point in the line AB. So for other points. 





(130) By trlangnlation. When 
obstacles prevent the preceding me- "^.^^ 
thods being used, if a point, C, can be 
found, from which A and B are accessi- 
ble, measure the distances CA, CB, 
and the angle ACB, and thence calculate the angle CAB. Then 
observe any angle ACD, beyond the obstacle. In the triangle 
ACD, a side and its including angles are known, to find CD. Mea- 
sure it, find a point, D, in the desired line, will be obtained. 
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CHAPTER IIL 



OBSTACLES TO IHEASCREBIENT. 



A. When boih ends of the line are accessible. 
(421) The methods given in the preceding Chapter for prolong- 
ing a line and for interpolating points in it, will generally ^ve the 
length of the line hj the same operation. Thua, in Fig, 278, the 
inaccessible distance BE ia ecjual to CD ; in Fig. 279, ED = EC 
^ CD ; in Fig. 280, the distance BE can be calculated from the 
same data aa CE ; in Kg. 282, AZ = -/(AB^ + EZ») ; in Fig. 
283, AZ = ^/(AX^ + XZ^) ; in Fig. 284, AZ = V(AY= + 
YZ=) ; in Fig. 285, AG = ^?-^^l^; in Fig. 286, the tri- 
angle ACD will give tlie distance AD. The method of Latitudes 
and Departures, Arts, (417) and (418), is very generaUj appli- 
cable. So is the following. 



(422) By trlangnlation. Let AE Fig. S37. 

be the inaccessible distance. From 
any point, C, from which both A and 
B are accessible, measure CA, CE, 
and the angle ACE. Then in the 
triangle ABC two sides and the in- 
cluded angle are known to find the 
side AB. If all the angles can be measured, theymay be cor- 
rected, as in Art. (387)-* 




(428) A liroken Base. When the angle C is very obtuse, the 
preceding problem may be modified as follows. Naming the lines 
as is usual in Trigonometry, by small letters corresponding to the 
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capital letters at the angles to which they are oppoaite, and letting 
K = the number of minutes in the sapplement of the angle C, we 

Fig. S88. 



shall have 

AB = e = a + b — 0.000000042308 x — ^ 
a+ b 

This formula is chiefly used in the case of what ia called in Tri- 
angular Surveying "A brolien Base;" such aa above; AC and 
CB being measured and forming very nearly a straight line, and 
the length of AB being required. 

Log. 0.000000042308 = 2.6264222 — 10. 

(121) By ai^«3 to known points> The length of a line, both 
ends of which are accessible, may also be determined by angles 
measured at its extremities between it and the directions of two or 
more known points. But as the methoda of calculation involve sub- 
sequent problems, they will be postponed to Articles (435), (436) 
and (437). 

B. When one end of the line is inaccbssiblb. 

(425) By perpendiculars. Many of the methods ^ven for 
the oham, in Part II, Chapter V, may be still more advantageously 
employed witli angular instruments, which can so much more easily 
and precisely set off the Perpendiculars required in Articles (191), 
(192), (193), &c. 

(426) By equal angles. LetAB 
be the inaccesable line. At A set off ^.^ 
AC, perpendicular to AB, and sb 
nearly equal to it, by estimation, as 
the ground will permit. At C, i 
sure the angle ACE, and turn the 
sights, or vernier, till ACD ^ ACB. 
Find the point, D, at the intersections of the lines CD and EA pro- 
duced. Then is AD = AB. 
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(427) By triai^ulatjon. Measure a distance Fig. 290. 



AC, about equal to AB. Measure the angles at ^,_ 



A and C. Then in the triangle ABC, two angles 

and the mcluded side are known, to find another 

., ,.„ AC sin. AOB 
Bide, Aii = 




in. ABO 
When the compass is used, the angles between 
the lines will be deduced from their respective 
Bearings, by the principles of Art. (243). 
If the angle at A is 90^ AB = AC . tang. ACB. 
If the angle ACB = 45°, then AC = AB ; but this position 
could not easily be obtained, except by the use of t' 
y insirument, not described in this volume. 



(128) Wben one point cannot be seen ftvm the otber.- 

Choose two points, C and D, in the line Fig. 29i. 

of A, and such that from C, A and E can 
be seen, and from D, A and B. Measure 
AC, AD, and the angles C and D. Then, 
in the triangle BOD, are known two an- 
gles and the included side, to find CB. 
Then, in the triangle ABC, are known 
two sides and the included angle, to find 
the third side, AB, 




(129) To And tbe distance ft-om a given point to an inaece^ 
silile line. In Fig. 275, Art. (406), the required distance is 
CE. The operations therein directed g?ve the fine CA and the 
angle CAB, or CAE. The required distance CE = CA . sin. CAE. 
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C. When both ends op the line are ihacoessiblb. 

(130) eeneral Melhod. Let Fig. sss. 

AB be the inacces^ble line. 
Measure any convenient distance 
CD, and the angles ACD, BCD, 
ADC, BDC 

Then, in the triangle CDA, 
two angles and the included side 
are given, to lind CA. In the 
triangle ODE, two angles and the 
included side are given, to find 
OB. Then, in the triangle ABC, 
two sides and the included angle 
are given, to find AB. 

The work may be verified by taking another set < 
and finding AB from the triangle ABB instead of ABC. 

The following formulas will however give the desired dislanee 
with leas labor. 




Find an angle K, such that tang. K 



ein. ADO . 



I. CBD 



sin. CAD , sin. BDC* 

Then find the difference of the unknown anglea in the triangle 

CAB from the formula 

Tang. ^ (CAB — ABC) = tang. (45' — K) . cot. » ACB. 

Then is CAB = ^ (CAB —ABC) + ^ (CAB + ABC). 

TT 11 . -D /iT> sin. BDC . 8iD. AOB 
Fmally,AB = CD.^^-^g5-_-^. 

Example. Let CD = 7106.25 feet; ACD = 95= 17' 20"; 
BCD = 61° 41' 50" ; ADC = 39° 38' 40" ; EDO = 78° 35' 10" ; 
reqvdred AB. 

The figure is constructed with these data on a scale of 5000 feet 
to 1 inch = 1:60000. 

By the above formulas, K is found to be 30° 26' 5" ; CAB = 
llS" 55' 37" ; and lastly AB = 6598.32. 

Both the methods may be used as mutual cheeks m anj im 
portant case. 
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If the- linea AB and CD crossed 
each other, as m Eig. 293, mat«ad of v;a%^ 
being situated as in the preceding Xs^--^ 
figure, tie same method of caleula^ '^-^Ji'S^ 
tion would apply. 




(431) ProWflBi To measure an inaccesmble distance, AB, 
when a point, C, in its line can be obtained. Set the instrument 
at a point, D, from which A, B 
and C can be seen, and measure 
iJie angles CDA and ADB. 
Measure also the line DC and 
the angle C. Then in the tri- 
angle ACD two angles and the 
included side are given to find 
AD. In the triangle DAB_, the 
angle DAB is known, (being equal to ACD + CDA), and AD 
havbg been found, we again have two angles and the included side 
to find AB. 




(432) Problem. ^ measure an inaoeessible distance, AB, 
when only ons point, C, can he found from which JoSA ends of the 



Fig. 295. 



line can be seen. Consider CA 
and CB as distances to be deter- 
mined, having one end accessible, 
Determine them, as in Art, (427), 
. by choosing a point D, from which 
C and A are visble, and a point E 
from which C and E are visible. 
At C observe the anglesDCA, ACB 
and BCE, Measure the distances CD and CE, Observe the 
angles ADC and BEC. Then in the triangle ADC, two angles and 
&e included side are given, to find CA ; and tbe same in the tri- 
angle CBE, to find CB. Lastly, in the triangle ACB two sides 
and the included angle are known, to find AB, 
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(133) Problem< To meamre an inaccessible distanoe, KB, 
when no ^oint oan hefownd from wMch the two mds can he sem. 
Let C be a point from which A ia Fig. S96. 

visible, and D a point from which 
B is visible, and also C. Measure 
CD. Find the distances CA and 
DB, as in the preceding problem ; 
i. e. chooae a point E, from which A 
and are visible, and another E 
point, F, from which D and B are visible. Measure EG and LF. 
Observe the angles AEC, EGA, BDF and DFB ; and at the same 
time tho angles ACD and GDB, for the subaeqaent work. Then 
CA and DB will be found, as were GA and CB in the last problem. 
Then in the triangle CDB, two sides and the included angle are 
known to find CB and the angle DCB ; and, lastly, in the triangle 
ACE, two sides and the included angle (the difference of ACD 
and DQB) to find AB. 




(434) Problem. To interpolate a Base. Four inaccessihie 
ohjeats, A, B, C, D, being in a right Fig. 2B7. 

line, and visile from only one point, 
E, it is required to determine the dis- 
tance hetween the middle points, B 
imd 0, the exterior distances, AB 
and CD, being hmwn. 

Let AB = a, GD = &, EC = a; ; 
AEB = P, AEG = Q, AED = B . 



Calculate an auxiliary angle, K, such that 

4al Bin. Q '. sin. (B- 



tang,2 K = 



Then is a; = 



P) 



{a — hy ' siaP.sin. (R— Q)' 



Of the two values of x, the positive one is alone to be taiken. 

This problem is used in Triangular Surveying when a portion of 
a Ease line passes over water, &c. 
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(435) Problem! Given the angles observed, at the ends of a 
line which cannot be meamred, between it and tJie ends of a line 
of known length but inaccessible, required the length of the former 
line. TMs Problem la the eonverae of that given in Art. (4S0). 
Its figure, 292, may represent the case, if the distance AB be 
regarded as known and CD as that to be found. Use the first and 
second formulas aa before, and invert the laat formula, ohtaiiiing 

^^-^^ .in.BDO..in.AO B- 

This problem may also be solved, indirectly, by assuming any 
length for CD, and thence calculating as in the first part of Art. 
(430), the length of AB on this hypothesis. The imaginary 
figure thus calculated is similar to the true one ; and the true 
length of CD will be given by this proportion ; calculated length 
of AB : true length of AB : : assumed length of CD : true length 
of CD. 

The length of CD can also be obtained Fig. 398. 

graphically. Take a line of any length, 
as CD', and from C and D' lay off angles 
equal to those observed at C and D, and 
thus fix points A, B'. Produce AB' till it 
equals the given distance AB, on any de- 
sired scale. From B draw a parallel to 
E'D', meetjng AD' produced in D ; and 
from D draw a parallel to D'C meeting 
AC produced in C. Then CD will be the required d 
the same scale as AB.* 




~--fe^ 



(43ft) Problem. Three points. A, B, 0, being given hy their 
distances from each other, and two other points, P ofnd Q, being 
eo sHiKOed that from each of them two of the th-ee points aam be 
seen and the angles APQ, BPQ, CQP, BQP, he measured, it is 
required to determine the positions ofV and Q. 



* See Article (iBS) for a solution of tliis problem bj the Plane-Table. 
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CoNSTRUOTrON. Be^, ^''°- ^^^' 

as in Art. (397), by describ- •-'"'""iP'^C^ ""^n 

ing a circle passing througli /' ^-^/ '^T'""'---^ ''■ 

AandB, andhaviagthecen- Ly^__^l ''.^. ^"^^-. j. 

tral angle subtended bjAB, j ~Z~"~x~-..^ „—^'"''-^ ' 

equal to twice the ^ren an- p^'.'- :jU.--=::;— ^^^=^x ^ft 

gle APE, and thus contain- 
ing that angle. The point ' ■■,,^ ^'-•.^y' y 

P will lie somewhere in its "" " 

circumference. Describe another circle passing through B and C, 
and having a central angle subtended by BC ecioal to twice the 
given angle BQC. The point Q will lie somewhere in its cir- 
cumference. From A draw a line making with AB an angle = 
BPQ, and meeting at X the circle first drawn. From C draw a 
line making with CB an angle ^ BQP, and meeting the second 
circle in Y. Join XY and produce it till it cuts the circles in 
points P and Q, which will be those required ; since BPX ^ BAX 
= BPQ; and BQY=BC¥ = BQP. 

Calculation. In the triangle ABC, the aides being given, the 
angle ABC is known. In the triangle ABX, a side and all the 
angles are known, to find BX. In the triangle CBY, BY is simi- 
larly found. By subtracting the angle ABC from the sum of the 
angles ABX and CBY, the angle XBY can be obtained. Then 
in tiie triangle XBY, the sides BX, BY, and the included angle 
are ^ven to find the other angles. Then in the triangle BPX 
are known all the angles and the side BX to find BP. In 
the triangle BQY, BQ is found in like manner. Finally, in the 
triangle BPQ, PQ can then be found. 

If desired, we can also obtain AP in the triangle APB ; and CQ 
in the trian^e CBQ. 

(451) Problenii -Ffw points, A, B, C, D, Mng given in 
posiUon, ly their mutual distances and directions, and two other 
points, P and Q, heing so situated that from each of them two of 
the four points can he seen and the angles APB, APQ, PQC and 
'P(^mea8ured,it is reared to determine the position of T and Q. 
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CoNaiRTJCTinH Be^n -a m the last 'utiele, ' 
AB the segment of a ciiclo to cont'uii an angle equal to APB 
From B diaw a choid BE making an 'uigle with BA ei^ual to the 
suppitment of ike angle APQ. On CD descubo anothei segment 
to coutajn an angle equal to CQD. From C draw a chord CF, 
making an angle with CD equal to the supplement of the angle 
DQP. Draw the line EF, and it will cut the two circles in the 
required pomts P and Q.* 

Calculation, To obtain PQ = EF — EP — QF, we proceed 
to find those three lines thus. In the triangle ABB, we know the 
aide AB, the angle ABE, and the angle AEB = APB ; whence 
to find EB. In the same way, the triangle CFD gives FO. In 
the triangle EBC are known EB and BG, and the angle EBC = 
ABC— ABE; whence EG and the angle ECB are found. In 
the triangle EOF are known EC, FC, and the angle EOF = BCD 
— ECB— FCD; whence we find EF, and the angles CEF and 
CFB. 

In the triangle BEP, we have EB, the angle BEP = BEC + 
CEP, and the angle BPE = EPA + APE ; to find EP and PB. 
In the triangle QCF, we have CF, and the angles CQF and CFQ, 
to find QO and QP. Then we know PQ = EF — EP — QF. 



' For, the aiigl« APQ in the figure equals the measured aiisle Al'y, bcoai 
..le supplement of the foi-mer, EPA, tquala the supplement of the latter, since 
is measured by the same arc as the angle ABB, equal to that supplement by ci 



Btmclion, So too with the angle DQP. 



Hosted by 



Google 



OBSTACLES !IV AKGULAR SCKVEVING. [pa 



296 

The other distances, if deKred, can be easily found from the above 
data, some of the calculations, not needed for PQ, being made with 
reference to them. In the triangle AEP, we know AB, UP, and 
the angle BAP, to find the angle ABP and AP. In the triangle 
QDC we know QC, CD, and the angle CQD, to find the angle 
QCD and.QD. In the triangle PBC, we know PB, BO, and the 
angle PBO = ABC — ABP, to find PC. Lastly, in the triangle 
QCB, we know QC, CB, and the angle QCB = DCB — DCQ, to 
find QB. 

The solution of this problem includes the two preceding ; for, let 
the line EC be reduced to a point so that its two ends come toge- 
ther and the three lines become two, and we have the problem 
of Art. (436) ; and let the line AB be reduced to a point, B, 
and CD to a point, C, and we have but one line, and the problem 
becomes that of Art, (435). 

In these three problems, if the two stations lio in a right line 
with one of tho given points, the problem is indeterminate. 



Four points, A, B, C, D, 



(43S) Problem of the eight pointSi 

are inaoae&sible, hut visible 
from four o&er points, E, 
F, G, H ; if !« required to ^ 
find the respective distances "^ 
of thi^e &iglit points, the 
only data iemy the ohser 
vation, fiom each of the 
points of the second sys- 
tem, of the angles under 
uhieh are seen tht points 
of the fi) St system 

This problem can be sohed, hvA the great length and compHcar 
tion of the investigation and resnlting formulas render it more a 
matter of cunosity than of utility. It may be found in Puissant's 
' Topographic" page 55 , Lefevre's " Trigonometrie" p. 90, and 
Lefevre's " Arpentage^' ITo. 387, 
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CHAPTER IV. 



TO SUPPLY OMlSSlOSfS, 



(4S9) Any two oraissiorLS in a closed survey, whether of the 
direction or of the length, or of both, of one or more of the aides 
bounding the area surveyed, ca,n always bo supplied by a suitable 
I of the principle of Latitudes and Departures, as was 
in Art. (283) ; although this means should be resorted to 
1 eases of absolute necessity, since any omission renders it 
' Test the survey," as directed in Art. (282). In 
the following articles the survey will be considered to have been 
made with the Compass. All the rules will however apply to a 
Transit or Theodolite survey, the angles bemg referred to any line 
as a meridian, as in " Traversing." 

To save unnecessary labor, tho examples in i 
now to he examined, will all be taken 
from the same survey, a plat of wluch 
is ^ven in the margin on the seale of 
40 chains to 1 inch (1:31,680), and 
the Keld-notes of which, with the 
Latitudes and Departures carried out a ^ 
to five decimal places, are given on 
the following page.* 




* The teachei: cun make any number of exaiiipleB for hie own use by iBltiiig 
lolerably aconrate survey, Etriking out tho bearing and diBiauce of any ene 
)UV8e, and calculating it precisely as in GaBe 1, given below. He can llien nmit 
ly two qaantitiea at will, Id be supplied by [he Btudeiit by means of the rulet 
iw to be given. 
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ST* 


B..B.».. 


i/liJks. 


LATITUDES. 


DEPARTURES. | 


N. 


8. 


E, 


W. 


A 


Norih. 


1284 


1284.00000 










a 


N. 33° B. 


1783 


1511.93171 




944.31619 







N. 80" B. 


3400 


416,75568 




9363.53872 




u 


S, 48" E. 


aroo 




1806.65269 


2O0S.49O96 




K 


8. 18' W. 


3860 




9720.02159 




883.78362 


t' 


N, 73" 58- 21" W 


^eaii 


1314.69682 






4430.55725 






4.'Ja6.674ai 4536.67421 5314.34587 5314.34587 



Case 1. Whm the Imgtk and ike Bearing of any one side are 



(410) Find tlie Latitudes and tte Departures of the remaining 
sides. The difference of tho North and South Latitudes of these 
lines, is the Latitude of the omitted line, and the difference of their 
Departures is its Departure. This Latitude and Departure are two 
sides of a right angled triangle of which the omitted line is the 
hypotheause. Ita length is therefore equal to the square root of 
the sum of their squares, and the quotient of the Departure divided 
hy the Latitude is the tangent of its Bearuig ; as in Art. (417). 

In the ahove survey, suppose the course from E to A to have 
been omitted or lost. The difference of the Latitudes of the 
remaining courses will be found to be 1314.69682, and the differ- 
ence of the Departures to be 4430.55725. The square root of the 
sum of their squares is 4621.5 ; and tho quotient of the Departure 
divided by the Latitude is the tangent of 73° 28' 21". The de- 
ficiencies were in North Latitude and West Departure ; and the 
omitted course is therefore N. 73° 28' 21" W., 4621.5 

Case 2. When the length of one side avd the Beanng of 
anoi^er are wanting. 

(411) When tbe deficient sides adjoin each other. Find, as 
in Case 1, the length and Beai-ing of the line joining the ends of 
the remaining courses. Tliis hne and the deficient lines will form a 
triangle, in which two sides will he known, and the angle between 
the calculated side and the side whose Bearing is given can be 
found by Art. (343). The parts wanting can then be obtained 
by the common rules of Trigonometry, 
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In the figure, lei the length of EF, 
and the Bearing of FA be the omitted 
parts. The difference of the sums of 
the N. aad S. Latitudes, and the E. 
and W. Departures of the complete 
courses from A to E, are respectively 
1405.32477 Nortii Latitude, and 
5314.34587 East Departure. The 
course, EA, corresponding to this de- ^ 

fieieney we find, by proceeding as in case 1, to be S. 75° 11' 15" 
W., 5497.026. The angle AEF is therefore = 75" 11' 15" — 
18° = 57= 11' 15". Then in the triangle AEF are given the 
sides AE, AF, and the angle AEF to find the remaining parts ; 
via. the angle AFE = 91° 28' 21", whence the Beainng of 
FA = 91° 28' 21" — 18° = N. 73° 28' 21" W.; and the side 
EF = 28.60. 




(442) ffliea tlic deficient sides are separated from each otlier. 

A modification of the preceding method will still apply. Jn this 

figure let the onaissiona be the Bearing Fig. 304. 

of FA and the length of CD. Imagine _i* 

the courses to change places mthout 

changing Bearings or lengths, so as to 

bruig the deficient lines nest to each : 

other, by transferring CD to AG, AB 

to GH, and BO to HD. This will not 

affect their Latitudes or Departures. 

JomGF. Then in tlie figure DEFGH, 

the Latitudes and Departures of all the a 

whence its length and Bearing can be found as in Case 1. 

Then the triangle AGF may be treated like the triangle AEF 

in the last article, to obtain the length of AG = CD, and the Bear- 

mgofFA. 




but FG are known, 



(44S) Otherwise, by changing the Meridian. Imagine the field 
to turn around, till the side of which the distance is unknown, 
becomes the Meridian, i. e. comes to bo due Norfli and Soutli ; 
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all the other sides retaining their relative positions, and continviing 
to make the same angles with each other. Change their Bearings, 
accordingly, as directed in Art, (244), Find the Latitudes and 
Departures of the sides in their new positionB. Since the side 
whose length was unkno^vn has been made the Meridian, it haa no 
Departure, whatever may be its nnlmown length ; and the difference 
of the coludEs of Departure will therefore be the Departure of the 
side whose Bearing is unknown. The length of this side is given. 
It ia the hjpothonnse of a right angled triangle, of which the De- 
parture ia one Kde. Hence the othei &ide, which ia the Latitude, 
can be at once found , and also the unknown Bearing. 

Pat this Latitude in the Table m the blank where it belongs. 
Then add up the columns of Latitude, and the difference of their 
suma will he the unknown length of the side which had been made 
a Meridian.* 
Let the omitted qumtities bt To m the list article, the length 
oi CD md the jBearing of PA. 
Make CD the Meridian. The chang- 
ed Bearings will then be found by 
Art. (244) t« be aa in the margin. 
To aid the imagination, turn the 
book around till CD points up and 
down, as North Hnes are usually 
placed on a map. Then obtain the Latitudes of the courses with 
their new Bearings and old distances, and proceed as has been 
directed. 

Case 3. When the lengths of two sides are waiting. 

(444) Wheu the deUcient shies aiUoIn each otiieri Find l^e 
Latitudes and Departures of the other courses, and .then, by Caae 
1, find Qi^ length and Bearing of the line joining the extremities 
of the deficient courses. Then, in the triangle thus formed, are 
known one side and all the angles (deduced from the Bearings) to 
find the lengths of the other two sides. 

" This conception of tlius clmiiging the Beaiiiigs ia stated to be due to Pra.. 
Robert Patterson, of Philadelphia, by whom it was communicated to Mi-. John 
Gummere, and published by him, in 181*, in hia " Treatise on Sni-vejing," 



JIA. 


OtC BEjn.NO. 


NEW l,Ei,n.NO. 


A 


Nuril.. 


N. SCI" W. 


B 


N. 32= B. 


N. 48° W. 





N. ao'E. 


Norih. 


D 


S. 48= E. 


N. 52° B, 




S. 18= W. 


8. 63" E. 
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Thus, in Fig. 303, page 299,iet BF and FA be tlie sides whose 
lengths are unknown. EA is tlien to be calculated, and its length 
will bo foTincl, as in Art. (441), to be 5497.026, and its bearing 
S. 75° U' 15" W., whence the angle AEF= 75= 11' 15"— 18° 
= 57= 11' 15" ; AFE ^ 18° + 73° 28' 21" = 91" 28' 21" ; and 
EAF=31° 20' 24"; whence can be obtained EF = 28.60 and 
FA = 46.215. 

(443) When the deficlcut sides are separated from each other. 

Let the lengths of EC and DB be those irjg., 305. 

omitted. Again ima^e the courses „ __— — — ^. 

to change places, so as to bring the /\ \ 

deficient Unes together, DE being / ~-^^ \ 

transferred to OG, and CD to GE. ^j' \__ A^ 

Join EG. Then in the figure I ^' I 

ABGEFA, are known the Latitudes ^"~~~--~.....^_^^ / 

and Departures of all the courses es- ~~~-~.^ 

cept EG, whence its length andBearing ^ 

can he found as in Case 1. Then in the triangle BCG, the angle 
CBG can be found from the Bearings of CB and BG, and the angle 
CGB from the Bearings of EG and GC. Then ail the angles of 
the triangle are known and one sido, BG, whence to find the 
required sides, BO = 1782, and CG = DE = 2700. 

(446) 0the3^wise,hy changing the Meridian. As in Art. (443), 
ima^e the field to turn around, till one of the sides whose length 
is wanting, becomes a Meridian or due North and South. Change 
all the Bearings correspondingly. Find the Latitudes and Depar- 
tures of the changed courses. The difference of the columns of 
Departure will bo the Departure of the second course of unknown 
length, since the course made Meridian has now no Departure. 
The new Bearing of this second course being given, in the right 
angled triangle formed by this course (as an hjpothentise) and its 
Departure and Latitude, we know one side, the Departure, and 
the acute angles, which are the Bearing and its complement. The 
length of tiie course is then readily calculated ; and also its Lati- 
tude. This Latitude being inserted in its proper place, the difier- 
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A 


North. 


N. 32" W. 


B 


N. 32" B. 


Norlk. 


U 


N. 80°E. 


M. 4S° B. 


D 


S. 48' E. 


S. 80" E. 


E 


S. 18° W. 


a. 14»B. 


f 


N, 73» aS' 21" W 


8. 74° 31' 39" W. 
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nee of the columns of Latitude will bo tJie length of that wanting 
ido which had been made a Meridian. 
Thus, let the lengths of BC and DE he wanting, as m the pre- 
ceding example. Make BC 
a Meridian. The other Bear- 
ings are then changed aa in 
the mar^n. Calculate new 
Latitudes and Itepartuvea. 
The difference of the Depar- 
tures will ho the Departure 
of DE, since BC, being a Meridian, has no Departure. Hence the 
length and Latitude of DB are readily obtained. This Latitude 
being put in the table, and the columns of Latitude then added up, 
their difference will he the length of BC. 

Case 4. When the Bearings of two sides are wartting. 

(417) When the deficient sides adjoin eacli olhev. Find tlie 
Latitudes and Departures of the other aides, and then, as in Case 
1, find the length and bearing of the line joining the extremities 
of the deficient sides. Then in the triangle thus formed we have 
the three sides to find the angles and thence the Bearings. 

(4IS) When the deficient sides are separated from each other. 

Change the places of the sides so as to bring the deficient ones 

next t« each other. Thus, in the Fig. 306. 

figure, supposmg the Bearings of CD, 

and EF to be wanting, transfer EF to 

DG, and DE to &F. Then calculate, 

as in Case 1, the length and Bearing : 

of the line joining the extremities of 

the deficient sides, CG in the figure. 

This line and the deficient sides form a 

triangle in which the three sides are 

given to determine the angles and thence the required Bearings.* 

* The fqlleat investigation of this snbj«et^ developiog many euriouB pointe, will 
be found in Maseheroni'a "PrMemes de OlomelHe poiir leg Arpenteurt^' and Lliu- 
ilUefB •'PolygonomHrie;" The method of Arts. (442), (445), and (448) is new. 
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PART VIII. 



PLANE TABLE SURVEYING. 



(449) Tug Plane Table ia in substance merely a drawing board 
fixed on a tripod, so tbat lines may be drawn on it by a ruler placed 
so as to point to any object in aigbt. All its parts are mere addi- 
tions to render this operation more convenient and precise. 

Such an arrangement may be appUed to any kind of " Angular 
Surveying"; such as the Third Method, " Polar Surveying," in 
its two modificationa of Radiation and Progression, (characterized 
in Art. (220)), and the Pourth Method, by Intersections. Ea«h 
of these will be successively explained. The instrument is very 
convenient for filling in the details of a survey, when the principal 
points have been determined by the more precise method of " Tri- 
angular Surveying," and can then be platted on the paper in 
advance. It baa the great advantage of dispensing with all 
notes and records of the measurements, since they are platted as 
tbey are made. It thus saves time and lessens mistakes, but is 
wanting ia precision. 

(430) Tbe Table> It is usuaUy a rectangular board of well 
seasoned pine, about 20 inches wide and 30 long. The paper fei 
be drawn upon may be attached to it by drawing-pins, or by clamp- 
ing plates fixed on its sides for that purpose, or by springs pressed 
upon it, or it may be held between rollers at opposite sides of the 
table. Tinted paper is leas dazzling in the sun. Cugnot's joint, 
described on page 134, is the best for connecting it with its tripod, 
though a pair of parallel plates, like those of the Theodolite, are 
often used. A detached level is placed on the board to test its 
horizontality ; though a smooth ball, as a marble, will answer the 
same purpose approximately. 
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A pair of sights, like tl f tl compass, are sometimes 

placed under the board, s 1 li Watch 1'elescope," (Art. 

(339), to detect any mov m nt f th nstrument. To find what 
point on the lower side t th 1 d exactly imder a pomt on 
the upper side, so that by j I n a f lumb-line from the former 
the latter may he exactly an \ d point of ground, a large 

pair of " caJIipers," or di d -s w n ed legs, may be used, one 
of their points being plsw, d th upp r point of the board, and 
their other point then dete mm th rresponding under point ; 
or a frame forming three Is fa tangle, like a slate frame, 
may he placed s tl t nd f n de of it touches the upper 

point, and the nd f th n j nd ng side is under the table 
precisely below th n j t th t from this end a plumb-line 

can be dropped. 1 mpa m t mes attached to the table, 

or a detached c npa s n ist f needle in a narrow box, 
(called a Declinat ), la ph 1 upon it, as desired. The edges 
of the table are sometimes divided into degrees, Uke the " Drawing 
board Protractor," Art. (273). It then becomes a sort of Gonio- 
meter, hke that of Art. (213). 

(451) Tiie AlidadCi The ruler has a fiducial or feather edge, 
which may be divided into inches, tenths, &c. At each end it 
carries a sight like those of the compass. Two needles would he 
tolerable subsUtutes. The sights project beyond its edge so that 
their centre lines shall he precisely in the same vertical plane as this 
edge, in order that the fines drawn by it may correspond to the 
lines sighted on by them. To test tiiis, fix a needle in the board, 
place the ruler against it, sight to some near point, draw a line 
by the ruler, turn it end for end, again place it against the needle, 
again sight to the same point, and draw a new lino. If it coincides 
with the former line, the above condition is satisfied. The ruler 
and sights together take the name of Alidade. If a point should 
be too high or too low to be seen with the alidade, a plumb-line, 
held between the eye and the object, will remove the difficulty. 

A telescope is sometimes substituted for the sights, being sup- 
ported above the ruler by a standard, and capable of pointing 
upward or downward. It admits of adjustments similar in principle 
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to the 2d and 3d adjustments of tlie Transit, Part IV, Chapter 3, 
pages 242 and 246. 

But even without these adjustments, whether of the sights or 
of the toloseope, a survey could he made which would he per- 
fectly correct as to the relative position of ife parte, however far 
the line of sight might he from lying in the same vertical plane 
as the edge of the ruler, or even from heing parallel to it ; just as 
in the Transit or Theodolite the index or vernier need not to he 
exactly under the vertical hair of tho telescope, since the angular 
deviation affects all the observed directions equally, 

(452) Method of Radiation. This is Uio simplest, though not 
the best, method of surveying with the Plane-table. It is especi- 
ally applicable to survey- Fig. 307. 
ing a field, as in tho figure. ^..— -^--^ 
In it and the following fi- A.,,— -'''''^' / ""~~--^ 
gures, the size of the Table r"-,_ / ^"^C 
is much exaggerated. Set / ^--c::^~i '] ^_,— -''" / 
the mstrument at any eonve- / — — If^^jn / 
ment point, asO; level it, "X" 1_.#T"^11 j 
and fix a needle (having a \ / 1 ^v / 
head of sealmg-wax) in the x/-""''''^ ^~~~~~~~~^^W 
hoard to lepresent the star F n 
tion. Direct the ahdade to any eomer of the field, as A, the fiducial 
edge of the ruler touching the needle, and draw an indefinite line by 
it. MeasureOA,andaet off the di3tance,to any desired scale, from 
the needle point, along the line just drawn, to a. The line OA is 
thus platted on the paper of the table as soon as determined in the 
field. Determine and plat in the same way, OB, OC, &c., to 6, c, 
&c. Join ah, be, kc, and a complete plat of the field is obtained. 
Trees, houses, hills, bends of rivers, &c., may he determnied in 
the same manner. The corresponding metliod with the Compass 
or Transit, was descnbed in Articles (258) and (391). The table 
may be set at one of the angles of the field, if more convenient. 
If the alidade has a telescope, the method of meaaurmg distances 
with a stadia, described in Art. (375), may be here applied with 
great advantage, 
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(453) Method of Progression. Let ABCD, &c., be the line 







FJK a needle at a 
convenient poJnt 
of the Plane-table, a. 
near a corner so 
sa to leave room 
for the plat, and 
set up the table at 
B, the second an- 
gle of the line, so 
that the needle, 
whose point repre- 
sents E, and which should be named 6, shall be exactly over that 
station. Sight to A,prc3smgthe fiducial edge of the ruler against 
the needle, and draw a line by it. Measure BA, and set off its 
length, to the desired scale, on the line just drawn, from 6 to a 
point a, represenimg A. Then sight to C, draw an indefinite line 
by the ruler, and on it set off the length of BC from ito c. Fix 
the needle at o. Set up,at C, the point c being over this station, 
and make the line eb of the plat coincide in direction with OB on 
the ground, by placing the edge of the ruler on ch, and turning the 
table till the sights point to B. The compass, if the table have 
one, will facilitate this. Then sight forward from C to D, and fix 
CD, cd on the plat, as ho was fixed. Set up at D, make de coincide 
with DC, and proceed as before. The figure shews the lines 
dra\vn at each successive station. The Table drawn at A shewa 
how the survey might be commenced there. 

In going around a field, the work would be proved by the last 
line "closing" at the starting point; and, during the progress of 
the survey, by any direction, as from C to A on the ground, coin- 
ciding with the corresponding lino, ca, on the plat. 

This method is substantially the same as the method of survey- 
ing a line with the Transit, explained in Art. (372). It requires 
all the points to be accessible. It is especially suited to the sur 
vey of a road, a brook, a winding path through woods, &c. The 
ofeets required may often be sketched in by eye with sufficient 
precision. 
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When the paper is filled, put on a new sheet, and begin by fixing 
on it two points, auch as and D, which were on the fiirmer sheet, 
and from them proceed as before. The sheets can then be after- 
wards nnited, ao that all the points on both shall he in their true 
relative positions. 



(154) MeflwMi of Intersection! This is the most usual and 
the most rapid method of using the Plane-tabie. The principle 
was referred to in Articles (259) and (392). Set up the instru- 
ment at any convenient point, as S in the figure, and sight to all 




the desired points A, B, C, &e,, which are visible, and draw inde- 
finite lines in their directions. Measure any line XY, Y being 
one of the points sighted to, and set off this lino on the paper to 
any scale. Set up at Y, and turn the table till the line XY on 
the paper lies in the direction of XY, on the ground, as at C in the 
last method. Sight to all the former points and draw lines in their 
directions, and the intersections of the two lines of sight to each 
point will determine them, by the Eourth Method, Art. (8). 
Points on the other side of the line XY could be determined at the 
same time. In surveying a field, one side of it may he taken for 
the base XY. Very acute or obtuse intersections should be 
avoided. 30° and 150° should be the extreme limits. The impos- 
sibility of always doing this, renders this method often deficient in 
precision. When the paper is filled, put on a new sheet, by fixing 
on it two known points, as m tlie preceding method. 
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(435) Metliod of ResectioUt This method (called hy tiie French 
Reeoupemenf) is a modification of the preceding method of Inter- 




section, It requires the measurement of only one distance, but all 
the points must he accessible. Let AB he the measured distance. 
Lay it off on the paper as ah. Set the table up at B, and turn it 
1ill the line ha on the paper coincides with BA on the ground, as 
in the Method of Progression. Then sight to C, and draw an inde- 
finite line by the ruler. Set up at C, and turn the line last drawn 
so as to point to B. Fix a needle at a on the table, place the 
ahdade against the needle and tarn it till it sights to A. Then the 
pomt in which the edge of the ruler cuts the line drawn from B 
will be the point e on the table. Next sight to D, and draw an 
indefinite line. Set up at D, and make the line last drawn point 
to C. Then fix the needle at a or h, and by the alidade, as at the 
last station, get a new line hack from either of them, to cut the last 
drawn line at a point which will be d. So pi'oceed as far as de- 
sired. 

(156) To orient the tablet* The operation of orientation con- 
sists in placing the table at any point so that its lines shall have 
the same directions as when it was at previous stations in the same 
survey. 

• The French phraBB, Tu orknt one's self, meaning to determine one's position, 
iiBually with veapeot to the four quarters of tlie heavens, of which the Orient is 
the leading one, well deserves naturaUzntioi) in oav language. 
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With a compass, this is very easily effected hy turning the tahle 
till the needle of the attached compass, or that of the Declinator, 
placed in a fixed position, points to the same degree as when at 
the previous station. 

Without a compass the table is oriented, when set at one end of 
a line previously determmed, by sighting ha«k on this line, as at C 
in the Method of Progression, Art. (463). 

To orient the table, when at a station unconnected with others, 
is more difficult. It may be jj-j„^ 311^ 

eflected thus. Let ab on the t 
ble represent a line AB on the 
ground. Set up at A, make ab 
coincide with AB, and draw a 
line from a directed towards a 
steeple, or other conspicuous ob- 
ject, as S, Do the same at B. Draw a line cd, parallel to ab, 
and intercepted between aS, and JS. Divide ai and cd into the 
same number of equal parts. The table is then prepared. Now 
let there be a station, P, p on the table, at which the table is to be 
oriented. Set the table, so that^ is over P, apply the edge of the 
ruler to p, and turn it till this edge cuts cd in the division corre- 
sponding to that in which it cuts ab. Then turn the table till the 
sights point to S, and the table will be oriented. 




Fig, 312 



(457) To GnA one's place on the gi-ouod. This problem may 
be otherwise expressed as Interpolating a point in a plat. It is 
most easily performed by reversing the Method of Intersection. 
Set up the table ovor the station, 
ia the figure, whose place on 
the plat already on the table is 
desired, and orient it, by one of 
the means described in the last 
article. Make the edge of the 
ruler pass through some point, a 
on the table, and turn it till the 
sights point to the corresponding 
station, A on the ground. Draw a line by the ruler. The desired 




Hosted by 



Google 



310 PLANE TABLE SCRVEVISC. [iartvui. 

point is somewhere in this line. Make the ruler pa^ thi-ough 
another point, h on the table, and make the sights point to B on 
the ground. Draw a second !ino, and its intersection with the 
first will be the point desired. Using C in the same way would 
give a third line to prove the work. This operation may be used 
as a new method of surveying with the plane-table, since any 
number of points can have their places fixed in the same manner. 

This problem may also be executed on Qie principle of Trilinear 
Surveying. Three points being given od the table, lay on it a piece 
of transparent paper, fix a needle any where on this, and with the 
alidade sight and draw lines towards each of these three points 
on the ground. Then use this paper to find the desired point, pre- 
cisely as directed in the last sentence of Art. (398), page 277. 

(458) Inaccessible distances. Many of the problems m Ptut 
VII. can bo at once solved on the ground by the phne talie, sinue 
it is at the same time a Goniometer and a Piotia^toi Thu"?, the 
Problem of Art. (435) may be solved as follows, on the pmciple 
of the construction in the last paragraph of that aititle &et the 
table at C, Mark on it a pouit, e', to rcjiesent C, phcmg c 
vertically over C. Sight to A, B and D, and diaw coiiespondmg 
lines from e'. Set up at D, mark any point on the hne diawn from 
e' towards D, and call it d'. Let d' be exactly over D, and direct 
d'c' toward C. Then sight to A and B, and draw corresponding 
lines, and their intersections with the lines before drawn towards 
A and B will fix points a' and h'. Then on the line joimng a and 
6, ^ven on the paper to represent A and E, ah being equal to AB 
on any scale, construct a figure, aicd, similar to a'Ve'd', and the 
line sd thus determined will represent CD on the same scale as AB. 
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SURVEYING WITHOUT INSTRUMENTS. 

(459) Thg Principles which were established in Part I, and subse- 
quently apphed to surveying with vamoua inatrumente, may also be 
employed, with tolerable corrootaess, for determining and represent- 
ing tiie relative positions of larger or smaller porHona of the earth's 
surface without any Instruments but such as can be extempomed. 
The prominent objects on the ground, such aa houses, trees, the 
aummita of hills, the bonds of rivers, the crossings of roads, &c., 
are regarded as "points" to be "determined." Distances and 
angles are consequently reijuired. Approximate methods of 
obtaining these will therefore be first ^ven. 

(460) Distances fty pacing. Quite an accurate measurement 
of a line of ground may bo made by walking over it at a uniform 
pace, and counting the steps taken. But the art of walking in a 
straight line must first be acquired. To do this, fix the eye on two 
objects in the desired line, such as two troes, or bushes, or stones, 
or tufe of grass. Walk forward, keeping the nearest of these 
objects steadily covering the other. Before gettmg up to the 
nearest object, choose a new one in line farther ahead, and then 
proceed as before, and so on. It is better not to attempt to make 
each of the paces three feet, but to take steps of the natural length, 
and to ascertain the value of each by walking over a known dis- 
tance, and dividing it by the number of paces recjuired to traverse 
it. Every person should thus determine the usual length of his 
own steps, repeatuig the experiment sufficiently often. The French 
" Creographical Engineers" accustom themselves to take regular 
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stepa of eighfc-tenths of a metre, equal to two feet seven and a half 
inches. The English military pace is hro feet and six inches, 
This is regarded as a usual average. 108 such paces per minute 
^ve 3.07 English miles per hour. Quick pacing of 120 such paces 
per minute gives 3.41 miles per hour. Slow paces, of three feet 
each and 60 per minute, give 2.04 miles per hour.* 

An instrument, called a Pedometer, has b n t i which 
counts the steps taken by one wearing it, with t } att ntion on 
bis part. It is attached to the body, and a d fis n„ from it 
to the foot, at each step moves a toothed wl el n di s n, and 
some intermediate wheelwork records the whol vm be up n a dial. 

(461) Distances by risnal angles. Prepare a scteie, by marking 
off on a pencil what length of it, when it is held off at arm's length, 
a man's height appears to cover at different distances (previously 
measured with accuracy) of 100, 500, 1000 feet, &c. To apply 
this, when a man is seen at any unknoivn distance, hold up the 
pencil at arm's length, making the top of it come in the Ime from 
the eye to his head, and placing the thumb nail in the line from 



the eye to his feet, as in Fig. 313. The pencil having been previ- 
ously graduated by the method above explained, the portion of it 
now intercepted between these two lines wilt indicate the corre- 
sponding distance. 

If no previous scale have been prepared, and the distance of a 
man be required, take a foot-rule, or any measure minutely divided, 
hold it off at arm's length as before, and see how much a man's 
height covers. Then knowing the distance from the eye to the 
rule, a statement by the Rule of Three (on the principle of similar 
tjiangles) will give the distance reqmred. Suppose a man's height, 
of 70 inches, covers 1 inch of the rule. He is then 70 times as far 

• A horse, on a walk, a' 
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from the eye as the rule ; and if its diatanee be 2 feet, that of the 
man is 140 feet, Instestd of a man's height, that of an ordinary 
house, of au apjile-tree, Uie length of a fence-rail, &c., may be 
be taken as the standard of comparison. 

To keep the arm immovable, tie a string of known length to the 
pencil, and hold between the teeth a knot tied at the otlier end of 
the string. 

(462) Distances by visibility. The degree of visibility of vari- 
ous well-known objects will indicate approximately how far distant 
they aio. Thus, by ordinary eyes, the windows of a large house 
can be counted at a distance of about 13000 feet, or 2^ miles ; 
men and horses will be perceived ae points at about half that dis- 
tance, or 1^ miles ; a horse can be clearly distinguished at about 
4000 feet ; the movements of men at 2600 feet, or half a mile ; 
and the head of a man, occasionally, at 2300 feet, and very plainly 
at ISOO feet, or a quarter of a mile. The Arabs of Algeria define 
a mile as " the distance at which you can no longer distinguish a 
man from a woman." These distances of visibility will of course 
vary somewhat with the state of the atmosphere, and still more with 
individual aeuteness of sight, but each person should make a corre- 
sponding scale for himself. 

(485) Distances by SAUUd. Sound passes through the air with 
a moderate and known velocity ; light passes almost instantaneously. 
If, then, two distant points be visible from each other, and a gun 
be fired at night from one of them, an observer at the other, noting 
by a stop-watch the time at which the flash is seen, and then that 
at which the report is heard, can tell by the intervening number of 
seconds how far ipart the points are, knowing how far sound travels 
in a second. Sound moves about 1090 feet per second in dry air, 
with the tempeiatuie at the freezing point, 82° Fahrenheit. Por 
higher oi lowoi temperature add or subtract ly foot for each degree 
of Fihienhe t If i wind blows with or against the movement of 
the sounl its velocity must be added or subtracted. If it blows 
obliquely, the correction mil evidently equal its velocity multiplied 
by the Losme of the aa^\e which the direction of the wind makes 
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with the direction of the aouncl.* If the gun be fired at each end 
of the hase in turn, and the means of the times taken, the effect of 
the wind will be eliminated. 

If a watch is not at hand, suspend a pebble to a strmg (such is 
a thread drawn from a handkerchief) and count its ^ ibrations If 
it he 39^ inches long, it will vibrate in one second , if 9| mches 
long, in half a second, &c. If its length is unknown at the time, 
still count its vibrations ; measure it subsei^uently , and then will 
the time of its vibration, in seconds, =\ /( — ^-siji — — ^)- 

(464) Anglesi Right angles are those most freqnentlj required 
in thia kind of survey, and they can be estimated hy the eye with 
much accuracy. If other angles are desired, they will be deter- 
mined hy measuring equal distances along the lines which make the 
angle, and then the line, or chord, joinmg the ends of these distan- 
ces, thus forming chain angles, oxpldned in Art, (i(K(). 

(4fi5) Methods of operation. The First Method f letei 
mining the position of a point. Art. (5) is the one mo t f, uerallj 
applicable. Some line, as AB in Fig 1 is pacel or otheiwise 
measured, and then the lines AS and E& the i omt S la thus de 
temnned. 

The " Second Method," Art. (6), la also much en jloyed the 
right angles being obtained by eye, or by the easv methods gn en 
in Part JI, CliapterV, Arts. (140), &i. It is used foi offsets i 
in Part K, Chapter in. Arts. (114), ^c 

The " Third Method," Art. (7), may also be used, the auL^les 
being determined as in Art, (464). 

The "Fourth Method," Art, (8), may also be employed, the 
angles being similarly determined. 

The " Fiilh Metiiod," Art. (10), would seldom be used, unless 
by makmg an extempore plane-table, and proceeding as directed 
in the laat paragraph of Art. (437). 

* A gentle, plefiaaiil wind has b velocity of 10 feet per aecond ; B brisk gale 
20 feet per secn.i.l ; a veiy liviak gale 30 feet ; a high wind 50 feet ; a very high 
wind 70 feet ; a storm oi- Icmpcal 30 fee! i a gi^eot slorm 100 feet ; a huiricane 
120 feet ; and a violent hiirrio^me, thst tear 
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The method referred to in Art. (II) ms,y also be employed. 

When a aketeh has made some progress, new pomta may be 
fixed on it by their being in line with others ali-eady determined. 

All these methods of operation are shown in the following figure. 
AB is a line paced, or otherwise measured a 

Fig. 314. 




The hill C is determined by the first method. The river on the 
otiier side of AB is detennined by offsets according to the 
Second Method, The house D is determined by the Third Method, 
EBF being a chain angle. The house G is determined by the 
Fourth Method, chain angles being measured at B and H, a point 
in AB prolonged. The pond K is determmed, as in Art. (II), by 
the intersection of the ahnemeiits CD and GH prolonged. The 
bend of the river at L is determined by its distance from H in 
the line of AH prolonged. A new base line, HM, is fixed by a chain 
angle at H, and employed like the former one so as to fix the hill 
at N, &c. All these methods may thus be used collectively and 
successively. The necessary lines may always be ranged with 
rods, as directed in Art. (169), and very many of the instrumental 
methods alrea^Jy explained, may he practiced with extempore con- 
trivances. The use of the Plane-table is an admirable prepara- 
tion for this style of surveying or sketching, which is moat fre- 
quently .employed by Military En^neers, though they generally 
use a prismatic Compass, or pocket Sextant, and a sketching case, 
which may serve as a Plane-table. 
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COPriNC PLATS. 

(466) TilEi Plat of a survey necessaa^y has many lines of construc- 
tjon drawn upon it, which are not needed iu the finished map. 
These hnes, and the marks of instruments, so disfigure the paper 
that a fair copy of the plat is usually made before the map is 
finished. The various methods of copying plats, &c., whether on 
the same scale, or reduced or enlarged, will therefore now be 
described. 

(4fi7) Stretching the paper. If. the map is to be colored, the 
paper must first be wetted and stretched, or the application of the 
wet eoiors will cause its surface to swell or blister and become uneven. 
Therefore, with a soft sponge and clean water wet the back of the 
paper, working from the centre outward in all directions. The 
" water-mark" reads correctly only when looked at from the front 
side, which it thus distinguishes. When the paper is thoroughly 
wet and thus greatly expanded, glue its edges to the drawing board, 
for half an inch in width, turning them up against a ruler, passing 
the glue along them, and then turning them down and pressing 
them with the ruler. Some prefer gluing down opposite edges in 
succession, and others adjoimng edges. The paper must be mode- 
rately stretched smooth during the process. Hot glue is best. 
Paste or gum may be used, if the paper be kept wet by a, damp 
cloth, so that the edges maydry first. "Mouth-glue "may be used 
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by rubbing it (moistened in the mouth or in boiling water) along the 
tamed up edges, and then rubbing them dry by an irory folder, a 
piece of dry paper being interposed. Aa this is a slower process, 
the middle of each side should first be fastened down, then the four 
angles, and lastly the intermediate portions. When tho paper 
becomes dry, the creases and puckerings will have disappeared, 
and it will be as smooth and tight as a drum-head. 

<468) Oopying by (racing:. Kx a large pane of clear glass in 
a frame, so that it can be supported at any angle before a window, 
or, at night, in front of a lamp. Place the plat to be copied on 
this glass, and the clean paper upon it. Connect them by pins, 
&c. Trace all the desired lines of the original with a sharp pencil, 
aa lightly as they can be easily seen. Take care that the paper 
does not slip. If the plat is larger than the glass, copy its parts 
successively, being very careful to fix each part in its true relative 
position. Ink the lines with India ink, malcing them very fine and 
pale, if the map is to be afterwards colored, 

(469) Copying on Iracinf? paper. A thin transparent paper is 
prepared expressly for the purpose of making copies of maps and 
drawings, but it is too deligate for much handling. It may be pre- 
pared by soaking tissue paper in a mixture of turpentine and 
Canada balsam or balsam of fir (two parts of the former to one of 
the latter), and drying very slowly. Cold drawn linseed oil will 
answer tolerably, tho sheets being hung up for some weeks to dry. 
Linen is also similarly prepared, and sold under the name of 
*' Vellum tracing paper." It is less transparent than the tracing 
paper, but is very strong and durable. Both of these are used 
rather for preserving duphcates than for finished maps. 

(470) Copying by transftr paper. This is thin paper, one side 
of which is rubbed with blacklead, &e., smoothly spread by cotton. 
It is laid on the clean paper, the blackened side downward, and 
the plat is placed upon it. All the lines of the plat are then gone 
over with moderate pressure by a blunt point, such as the eye-end 
of a small needle, A faint tracing of these Unes will then be found 
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on the clean paper, and can be inked at leisure. If the original 
cannot be thus treated, it may first be copied on tracing paper, 
and this copy be thus transferred. If the transfer paper be pre- 
pared by rubbing it with lampblack ground up with hard Eoap, ita 
lines will be inefEiceable. It ia then called " Camp-paper," 

(171) Copying by punctureSi Fix the clean paper on a draw- 
ing board and the plat over it. Prepare a fine needle with a seal- 
ing-wax head. Hold it very truly perpendicular to the board, and 
prick through every angle of the plat, and every corner and inter- 
section of ite other linos, such as houses, fences, &c,, or at least 
the two ends of every line. For circles, the centre and one point 
of the circuHifereace are sufficient. For irregular curves, such as 
rivers, &c., enough points must bo pricked to indicate all their 
sinuosities. Work with system, finishing up one atrip at a timo, 
so as not to omit any necessary points nor to prick through any 
twice, though the latter is safer. When completed, remove the 
plat. The copy will present a wilderness of fine points. Select 
those which determuie the leading lines, and then the rest mil be 
easily recognized. A beginner should first pencil the lines lightly, 
and then ink them. An experienced draftsman will omit the pen- 
cilling. Two or three copies may be thus pricked through at once. 
The holes in the original plat may be made nearly invisible by 
rubbing them on the back of the sheet with a paper-folder, or the 
thumb nail, 

(472) Copy injf by intersections! Draw a line on the clean paper 
.equal in length to gome important line of the original. Two start- 
ing points are thus obtained. Take in the dividers the distance 
from one end of the line on the original to a third poiot. IFrom 
the corresponding end on the copy, describe an arc with this dis- 
tance for radius and about where the point will come. Take the 
distance on the origiual from the other end of the line to the point, 
and describe a corresponding arc on the copy to intersect the 
former arc in a point which will be that desired. The principle 
of the operation is that of our " First Method," Art. (5). Two 
pairs of dividers may be used aa explamed in Art. (90). " Tri- 
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angular compasses," having three legs, are used by fixing two of 
their legs on the two given points of the original, and the third leg 
on the point to be copied, and then transferring them to the copy. 
All the points of the original can thus be accurately reproduced. 
The operation is however very slow. Only the chief points of a 
plat may be thus transferred, and the details filled in by the fol- 
lowing method. 

(473) Copying by squares. On the original plafc draw a series 
of parallel and equidistant lines. The T square does this most 
readily. Draw a similar aeries at right angles to these. The plat 
will then be covered with squares, as in Kg. 38, page 48. On 
the clean paper draw a similar series of squares. The important 
points may now be fixed as in the last article, and the rest copied 
hy eye, all the points in each square of the original being properly 
placed in the corresponding square of the copy, noticing whether 
they are near the top or bottom of each square, on its right or left 
side, kc. This method is rapid, and in skilful hands quite accu- 
rate. 

Instead of drawing Imes on the original, a sheet of transparent 
paper containing them may be placed over it ; or an open frame 
witli threads stretched acrosa it at equal distances and at right 
angles. 

This method supplies a transition to the Reduction and Enlarge- 
ment of plats in any desired ratio ; under which "W^sAGapying^iy 
the Pantagraph and Camera Lucida will be noticed. 

(474) Reducing by squares. Begin, as in the preceding article, 
by drawing squares on the original, or placing them over it. Then 
on the clean paper draw a similar set of squares, hut with their 
aides one-half, one third, kc, (according to the desired reduction), 
of those of the original plafc. Then proceed as before to copy into 
ea«h small square all the points and lines found in the large square 
of the plat in their true positions relative to the sides and comers 
of the square, observing to reduce each distance, hy eye or as 
directed in the following article, in the given ratio. 
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(475) Reducing by proportional scales. Many graphical me- 
thods of finding the proportionate length on the eopj, of any line of 
the ori^nal, may he used. The "Angle of reduction" is con 
structed thus. Draw any line 
AB. With it for radius and A 
for centre, describe an indefinite 
arc. With B for centre and a 
radius eqaal to one-half, one-third, 
&c., of AB according to the de- 
sired reduction describe another 
are intersecting the former arc in 0. Join AC. From A as 
centre describe a serios of arcs. Now to reduce any distance, 
take it in the dividers, and sot it off from A on AB, aa to D. Then 
the distance from D to E, the other end of the arc passing through 
D, will be the proportionate length to be set off on the copy, in the 
manner directed in Art. (472)- 

The Sector, or " Compass of proportion," described in Art. (52), 
presents such an " Angle of reduction," always ready to be used 



Fig. 316. 



The " Angle of reduction" may be simplified 
thus. Draw a line, AB, parallel to one side 
of the drawing board, and another, BC, at right 
angles to it, and one-half, &c., of it, as desired. 
Join AC. Then let AD be the distance re- 
quired to be reduced. Apply a T square so 
as to pass through D. It will meet AC in 
some point E, and DE will be the reduced 
length required. 



Another arrangement for the same object is shown in Kg. 317. 



Draw two lines, AB, AC, at any angle, and de- 
scribe a series of area from their intersection, A, 
aa in the figure. Suppose the reduced scale is to 
be half the original scale. Divido the outermost 
arc into three equal parts, and draw a line from 
A to one of the points of division, as D. Then 
each arc will be divided into parta, one of which 
is twice the other. Tato any distance on the ori- 
ginal scale, and find by trial which of the arcs on 



rig. 317. 
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the right hand side of the figure it eorresponda to. The other part 
of that arc will he half of it, as desired. 

" Proportional compaases," heing properly set, reduce linee in 
any desired ratio. A simple form of them, known as "Wholes 
and halves," i3 often vtaeful. It consists of two slender bars, pointed 
at each end, and united by a pivot which is twice as far from 
one pair of the points as from the other pair. The long ends being 
set to any distance, the short ends will give precisely half that dis- 



(476) Reducing by a pantagrapli. This instrument consists of 
two long and two short rulers, connected so as to form a parallelo- 
gram, and capable of being so adjusted that when a tracing point 
attached to it is moved over the lines of a map, &c., a pencil 
attached to another part of it will mark on paper a precise copy, 
reduced on any scale desired. It is made in various forms. It is 
troublesome to use, though rapid in its work. 

(471) Reducing by a camera lucidai This is used in the Coast 
Survey OfSee. It cannot reduce smaller than one-fourth, without 
losing distinctuess, and is very trying to the eyes. Squares drawn 
on the original are brought to apparently coineide with squares on 
the reduction, and the details are then filled in with the pencil, as 
seen through the prism of the instrument. 

(478) Enlarging plats. Plats may be enlarged by the princi- 
pal mettbods which have been given for reducing them, but this 
should he done as seldom as possible, since every inaccuracy in the 
ori^nal becomes magnified in the copy. It is better to make a 
new plat from the ori^nal data. 
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tONVEiVTlOSAL SIGSS. 

(439) Various conventional signs or marks have been adopted, 
more or loss generally, to represent on maps the inequalities of the 
surface of the grouad, its different kinds of culture or natural pro- 
duets, and the objecta upon ifc, so as not to encumber and disfigure 
it with much writing or many descriptive legends. This is the 
purpose of what is called Tofogrofhiml Ma/pphig. 

(480) The relief of ground> The inequalities of the 8urface 
of the earth, its elevations and depressions, its hills and hollo^TS, 
constitute its " Relief." The representation of this is sometimes 
called " Hill drawing." Its difficulty arises from our being accus- 
tomed to see hills ^deways, or "in elevation," while they must 
be represented as they would be seen from above, or " in plan." 
Various modes of thus drawing them are used ; their positions being 
laid down in pencil as previously sketched by eye or measured. 

If light be supposed to fall vertically, the slopes of the ground will 
receive less light in proportion to their steepness. The rehef of 
ground will be indicated on this principle by making the steep 
slopes very dark, the gentler inclinations less so, and leaving the 
level surfaces white. The shades may be produced by tints of 
India ink applied with a brush, their edges, at tho top and bottom 
of a hill or ridge, being softened off with a clean brush. 

If light be supposed to fall obliquely, the slopes facing it will be 
light, and those turned from it dark. This mode is effective, but 
not precise. In it tiie light is usually supposed to come from the 
upper left hand comer of the map. 

Horizontal contour lines are however the best convention for 
this purpose. Imagine a hiU to be diced off by a number of equi- 
distant horizontal. planes, and their intersections with it to be drawn 
as they would be seen from above, or horizontally projected on the 
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map. These are " Contour lines." They are the same lines as 
wonld be formed by water Burrounding the hill, and rising one foot 
at a time (or any other height) till it reached the top of the hill. 
Tke edge of the water, or its shore, at each suecoaave rise, would 
be one of these horizontal contour lines. It is plain that their 
nearness or distance on the map would indicate the steepness or 
^ the slopes. A right cone would thus be repre- 

Fig. 319. fig. 320. 




sentttd by a series of concentric circles, as in Fig. 318 ; an oblique 
cone by circles not concentric, but nearer to each other on the steep 
side than on the other, as in Fig. 319 ; and a half-egg, somewhat 
as in Fig. 320. 

Vertical seetions, perpendicular to these contour lines, are 
usually combined with them. They are the '• Lines of greatest 
slope," and may be supposed to represent water running down the 
sides of the hill. They are also made thicker and nearer together 
on the steeper slopes, to produce the eifect required by the conven- 
tion of vertical light F'e- ssi. 
already referred to. ^' . ■" 
The marginal figure 
shews an elongated 

half-egg, or oyal hill. , 

tJms represented. 

The spaces between 
tiie roTvs of vertical 
"Hatchings" indicate 
the contour Imes, which ) 

the graphical execution of this work depends on the uniformity of 
the strokes representing unifiann slopes, on their perfectly regular 
gradation in thickness and nearness for varying slopes, and on 
their being made precisely at right angles to the contour linea 
between ■which they are situated. 
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The methods of determining the contour lines are applicaiiona 
of Levelling, and will therefore bo postponed, together with the 
farther details of " Hiil-drawing," to the volume treating of that 
subject, which is announced in the Preface. 

(481) Signs for natural surface. Sand ia represented hy fine 
dots made with the pomfc of the pen ; gravel by coarser dots. 
Rocks are drawn in their proper places in irregular angular forma, 
imitating their true appearance as seen from above. The nature 
of the rocks, or the (xeology of the country, may be shown hj apply- 
ing the pioper coloru, as agreed on by geologists, to the back of 
the map, so that they miy be seen by holding it up ag^st the 
hght, whole they will tliua not coniusp the u'lual details. 

(482) Signs foi vegetation. Woods aie lepreaented by scol- 
loped ciicles, irregularly disposed, Fig, ,3iffi, 
imitating trees seen " in plan," and £^ ^£^ i^^^ ^^"^ 
closer or faither apait according to A^^M 5f^^S ^^X j«^ 
the thickness ot tho forest It is '^K-^^S^^^^ 
usual to shade their lowei and ught ^^^»^^^S^]^^ 
hand aides and to lepresent then W^^ «^^y^^^®*fe^^ 
shadows, as m the figure, though m atnctneaa, this is inconsistent 
with the hypothesis rf veitical hght, adopted foi "hill-drawing." 
For pine and similar forests, the signs may ha^e a star-like form, 
as on tho right hand side of the figure. Trees are sometimes 
drawn "in elevation," or sideways, as usually seen. This makes 
them more easily recognized, but is in utter violation of the prinei- 
plea of mapping in homontal projection, though it may bo defended 
as a pure convention. Orchards are represented by trees arrang- 
ed in rows. Bushes may be drawn like trees, but smaller. 

Grass-land is drawn with irregularly Fig, 3a3. 

scattered groups of short hnes, as in the ^"::^^^'^^2^-^ v^y 

figure, the lines being arranged in odd ^^"i;,:^^"*'^^ VVV 
numbers,and sothat thetopofeachgroupis ^'^ji^'^j^^ii, ^L" 

convex and its bottom horizontal or parallel ^^i^^j^S^^^ «'*'' 
to the base of the drawing. Meadows are *- *" j'^""-*- -^ ^ 
sometiroea represented by pairs of diver^g lines, (as on the right 
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land is 



of the figure), which mtLy be regarded as tali blades of gras8. 
Uncultivated land is indicated bj appropriately intermingling the 
signs for grass land, bushes, sand and rocks, 
shown by parallel rows of broken and dotted 
lines, as in the figure, representing furrows. 
Crops are so temporary that signs for them are 
unnecessary, though often used. They are usu- 
ally imitative, as for cotton, sugar, tobacco, nee, 
vines, hops, &c. hardens are drawn with cir- 
cular and other beds and walks. 



(483) Signs for water. The Seorcoast is represented by draw- 
ing a line parallel to the shore, following all its windings and inden- 
tations, and as close to it as possible, then another parallel line a 
little more distant, then a third still more distant, and so on. 
Examples are seen in figures 287, &c. If those lines are drawn 
from the low tide mark, a similar set may be drawn between that 
and the high tide mark, and dots, for sand, be made over the 
included space. Rivers have each shore treated like the sea 
shore, as in the figures of Part YII.* Brooks would be shown by 
only two lines, or one, according to their magnitude. Ponds may 
be drawn like sea shores, o 
parallel horizontal lines ruled i 
Marches and Sioamps are represented by an ^^ 
irregular intermingling of the preceding ^^ 
sign with that for grass and bushes, as in the ^^ 



(484) Colored Topograitliy> The conventional agns which have 
been described, as made with the pen, require much time and 
labor. Colors are generally used by the French as substitutes for 
them, and combine the advantages of great rapidity aad effective- 
ness. Only three colors (besides India ink) are reqiured ; viz. 
Gamboge (yellow), Indigo (blue), and Lake (pink). Sepia, 
Burnt Sienna, Yellow ochre, Red lead," and Vermillion, are also 
sometimes used. The last three are difficult to work with. To 



* Those in Pari II, Chapter V, have tl 



too cluBe together in tbe middle. 
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use these paints, mnisten the end of a cake and rub it up with a 
drop of water, afterwards diluting this to the proper tint, which 
should always he iight and delicate. To cover any surface with 
a uniform fiat tint, use a large camel's hair or sable brush, keep it 
always moderately full, incline the board towards you, previously 
moisten the paper with clean water if the outHne is very irregular, 
begin at the top of the surface, apply a tint across tiie upper part, 
and continue it downwards, never letting the edge dry. This last 
is the secret of a smooth tint. It requires rapidity in returning to 
the beginning of a tint to continue it, and dexterity in following the 
oucline. Mariling, or variegation, is produced by having a brush 
at eaeh end of a stick, one for each color, and applying first one, 
and then the other beside it before it dries, so that they may blend 
but not mix, and produce an irregularly clouded appearance. 
Scratched parts of the paper may be painted over by first applying 
strong alum water to the pla^e. 

The conventions for colored Topography, adopted hy the French 
Military Engineers, are as follows. Woods, yellow ; using gam- 
boge and a very little indigo. GrasS-land, green; made of 
gamboge and indigo. Coltivated land, irown; late, gamboge, 
and a little India ink. " Burnt Sienna" will answer. Adjoinmg 
fields should be shghtly varied in tint. Sometimes furrows are 
indicated by strips of various colors. Gardens are represented 
by small rectangular patches of brighter green and brown. TJn- 
ouLTiVATBD LAND, marbled green and light hrown. Brush, 
BRAMBLES, &c., marbled green and yellow. Heath, furze, &c,, 
marbled green and fink. Vineyards, ^r^ie/ lake and indigo. 
Sands, a light hrown ; gamboge and lake. " Yellow ochre " will 
do. Lakes and arvBas, Kght blue, with a darker tint on their 
upper and left hand sides. Seas, dark blue, with a little yellow 
added. MJu^HSS, the blue of water, with spots of grass green, the 
touches all lying horizontally. Roads, brown ; between the tints 
for sand and cultivated ground, with more India ink. Hills, 
greemsk irown; gamboge. Indigo, lake and India ink, instead of 
the pure India ink, directed in Art. (480). "Woods may be 
finished up by drawing the trees aa in Art. (482) and coloring 
them green, with touches of gamboge towards the hght (the upper 
and left hand side) and of mdigo on 
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(485) Signs for detached objects. Too gi-eat a number of these 
will oause eonfuaion. A few leading ones will be given, the mean- 
ings of which are apparent. 

Oourt house, zti 3ae. Wind mill, ^; 



Post offi<^e, ^ 

Tavern, J 

Blacksmith's sh)p, ^ 339. 
G-uide hoard, "^ 



Quarry, 
Grist mill. 



X 3: 

O 3: 

Saw mill, M| 3; 

An ordinary house is drawn 
ridge of its roof shown if the 



Steam mill, 



Wo 



Ootton factory. 
Glass works, 
Church, 



^ 340. 



Graveyard. -Ji.341, 
1 its true position and size, and the 
icale of the map is large enough. 
On a very small scale, a small shaded rectangle represents it. If 
colors are used, buildings of masonry are tinted a deep crimson, 
(with laJte), and those of wood with India ink, Thcii- lower and 
right hand sides are drawn with heavier lines. Fences of stone or 
wood, and hedges, may be drawn in imitation of the realities ; and, 
if desired, colored appropriately. 

Mines may be represented by the signs of the planets which 
were anciently associated with the various metals. The signs here 
given represent respectively. 

Gold, Silver, Iron, Copper, Tin, Lead, Quicksilver. 
© 5 5 5 If ^ 5 

A large black circle, , may bo used for Coal, 

Boundary lines, of private properties, of townships, of counties, 
and of states, may be, mdicated by lines formed of various combi- 
nations of short lines, ciots and crosses, as below.* 



■ + + + + + + + + + + + + 

IS for Ihe execution of Iho delaik deacribecl in Ihis clmp- 
8. Smith's " Topographical Drawing." WiWy, N. Y. 
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(486) Orientation. The map is usually bo drawn that the top 
of the paper may represent the North. A Meridian line should 
also be drawn, hoth True and Magnetic, as in Kg. 199, page 189. 
Tlie number of degrees and minutes in the Variation, if known, 
should also be placed between the two North points. Sometimes 
a compaaa-star ia drawn ajid made very ornamental. 

(487) Lettering. The style in which this is done very much 
affects the general appearance of the map. The young surveyor 
should ^ve ifc much attention and careful practice. It muat all be 
in imitation of the best printed modeb. No writing, however 
beautiful, is admissible. The usual letters are the ordinary 
ROMAN CAPITALS, Small Roman, ITALIC CAPITALS, 
Smallltalie,xaA GOT H\0 OR EGYPTIAN. Thisiast, 
when well done, is very effective. Eor the Titles of maps, various 
fancy letters may be used. For very large letters, those formed 
only of the shades of the letters regarded as blocks (the body being 
rabbcd out after being pencilled as a guide to tho placing of tho 
shades) are most easOy made to look well. The simplest lettering 
is generally the best. The sizes of the names of places, &c., should 
be proportional to their importance. Elaborate tables for various 
scales have been published. It is better to make the letters too 
small than too large. They should not be crowded. Pencil lines 
should always be ruled as guides. The lettering should be in lines 
parallel to the bottom of the map, except the names of rivers, roads, 
&c., whose general course should be followed. 

(488) Borders. The Bori&r may be a single heavy line, 
enclosing the map in a rectangle, or such a line may be relieved 
by a finer line drawn parallel and near to it. Time should not be 
wasted in ornamenting tiie border. The simplest is the best. 
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(489) Joining papers If the map is larger than tlie sheets of 
paper at hand, they should be joined -with a feather-edge, by pro- 
ceeding thus. Cut, with a knife guided by a ruler, about one- 
third through the thickness of the paper, and tear off on the under 
side, a strip of the remaining thickness, so as to leave a thin sharp 
edge. Treat tlie other sheet in the same way on the other side of 
it. When these two feather edges are then put together, (with 
paste, glue or varnish), they will make a neat and strong joint. 
The sheet which rests upon the other must be on the right hand 
aide,if the sheets are joined lengthways, or below if they are joined 
in that direction, so that the thickness of the edge may not cast a 
shadow, when properly placed as to the light. The sheets must 
be joined before lines are drawn across them, or the lines will 
become distorted. Drawing paper is now made in rolls of great 
length, so as to render this operation unnecessary. 

(490) Mountiu^ maps. A map is, sometimes required to be 
mounted, i. e. backed witii canvas or muslin. To do this, wet the 
muslin and stretch it strongly on a board by tacks driven very 
near together. Cover it with strong paste, beating this in with a 
brush to fill up the pores of the muslin. Then spread paste over 
the back of the paper, and when it .has soaked into it, apply it to 
the muslin, inclining the board, and pasting first a strip, about two 
inches wide, along the upper side of the paper, pressing it down 
with clean linen in order to drive out all air bubbles. Press down 
another strip in like manner, and so proceed till all is pasted. Let 
it dry very gradually and thoroughly before cutting the muslin 
from the board. 

Maps may be varnished with picture varnish ; or by applying 
four or five coats of isinglass size, letting each dry well before 
applying the next, and giving a full flowing coat of Canada balsam 
diluted with the boat oil of turpentine. 
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(491) Its nature. This operation is precisely ihe reverse of 
those of Surveying properly so caUed. The latter measures certain 
lines as they are ; the former marks them out in the ground where 
they are required to he, in order to satisfy certain conditions. 
The same instruments, however, are used as in Surveying. 

Perpendiculars and parallels are the lines most often employed. 
The Perpendiculars may he set out either with the chain alone, 
Arts. (UO) to (!59) ; still more easily with the Cross-staff, Art. 
(101), or the Optical-square, Art. (107) ; and most precisely with 
a Transit or Theodolite, Arts. (402) to (406). ParalleU may 
also be set out with the chain alone, Arts. (160) to (166) ; or 
with Transit, &c., Arts. (401) and (108). The ranging out of 
lines by rods is described in Arts. (169) and (178), and with an 
Angular instrument, in Arts. (376), (409) and (115). 



(402) To lay out squai'cs. Reduce the desired content to 
square chains, and extract its square root. This will be the length 
of the required side, which ia to be set out by one of the methods 
indicated ia the preceding article. 

An Acre, laid out in the form of a square, is frequently desired 
by farmers. Its side must he made 316^ lints of a Gfunter's 

* The DemonBli-alimia of Ilia Pn.b!ems iu tbia part, wLeii leqnk-ed, will be 
found ill Appertlix B. 
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ch^ ; or SOSj^u feet ; or 691^5 yards. It is often taken at 
70 paces. 

The ntimber of plants, hilla of com, loads of manure, &c., which 
an acre will contain at any uniform distance apart, can be at once 
found bj dividing 209 by this distance in feet, and multiplying 
the quotient by itself; or by dividing 43560 by the square of the 
distance in feet. Thus, at 3 feet apart, an acre would contain 
4840 plants, &c. ; at 10 feet apart, 436 ; at a rod apart, 160 ; 
and so on. If the distances apart be unequal, divide 43560 by 
the product of these distances in feet ; thus, if the plants were in 
rows 6 feet apart, and the plants in the rows were 3 feet apart, 
2420 of them would grow on one acre. 

(49S> To lay out vectauglesi The content and length being 
given, both as measured by tbe same unit, divide the former by 
the latter, and the quotient will be the required breadth. Thus, 1 
acre or 10 square chains, if 5 chains long, must be 2 chains wide. 

The content being given and the length to be a certain number 
of times the breadth. Divide the content in square chains, &e., by 
the ratio of the length to the breadth, and the square root of the 
quotient will be the shorter side desirod, whence the longer side 
is also known. Thus, let it be required to lay out 30 acres in the 
form of a rectangle 3 times as long as broad. 30 acres ^ 300 
square chains. The desired rectangle will contain 3 squares, each 
of 100 sq. chSi, having sides of 10 chs. The rectangle will there- 
fore be 10 chs, wide and 30 long. 

An Acre laid out in a rectangle twice as long as broad, ivill be 
224 hubs by 448 links, nearly ; or 147^ feet by 295 feet ; or 49-^ 
yarda by 98| yards. 50 paces by 100 is often used as an ap- 
proximation, easy to be remembered. 

The content being given, and the difference between the length 
and breadth. Let c represent this content, ajid d this differonce. 
Then the longer side =^d + ^ ^ (d^ + 4 c) . 

Example. Let the content be 6.4 acres, and the difference 
12 chains. Then the sides of the rectangle will be respectively 
16 chains and 4 chains. 
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The content hdng given, and the sum of the length and breadth. 
Lot e represent this content, and 8 this aam. Then the longer 
side— ^8 + ^ ^/(s^— 4e)- 

Example. Let tbe content be 6.4 Etcres, and the sum 20 cliains. 
The above formula gives the sides of the rectangle 16 chains and 4 
chains as before. 

(494) To lay ont triangles. The content and the base being 
given, divido the fonner by half the latter to get the height. At 
any point of the base erect a perpendicular of the length thus 
obtained, and it will he the vertex of the required triangle. 

The content bemg given and the base having to be m times the 
height, the height wii! equal the square root of the quotient 
obtained by dividing twice the given area by m. 

The content being ^ven and the triangle to be equilateral, take 
the square root of the content and multiply it by 1.520. The pro- 
duct will be the length of the aide required. This rule makes the 
sides of aii equilateral triangle containing one acre to be 480^ litJts. 
A quarter of an acre laid out in the same form would have each 
side 240 links long. An eqmlateral triangle is very easily set out 
on the ground, as directed in Art. (90), under " Platting," using 
a rope or chain for c 



(495) The content and baae being given, and one aide having 
make a given angle, as B, with the baso rig. 3^a. 

2xAB0 .. 



Eighf;y acres Eire to bo laid j 
out in the form of a triangle, on a base, 
AB, of sixty chains, bearing N. 80° W. 
the bearing of tho side BC being N. 70° E. Here the angle B is 
found from the Bearings (by Art. (243) , reversing one of them) 
to be 30°. Hence BC = 53.33. The figure is on a scale of 50 
chains to 1 inch ^ 1 : 39600. 
Any right-Hne figure may be laid out by analogous methods. 

(496) To lay out circlesi Muldply the given content by 7, 
divide the product by 22, and take the square root of the quotient. 
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This will give the ladius, with which the ciicle can be described 
on the ground with a tope or chain A circle containing one a«re 
has a radius of 178J hnks A circle containing a quarter of an 
acre will have a radius of ^** link'. 

(497) Town lots. House lots in cities are usually laid off as 
rectangles of 25 feet front and 100 feet depth, variously combined 
in blocks. Part of New- York is laid out in blocks 200 feet bj 
800, each containing 64 lots, and separated by streets, 60 foet 
wide, running along their long sides, and avenues, 100 feet wide, 
on their short sides. The eight lota on each short side of the block, 
front on the avenues, and the remaining forty-eigjit lots front on 
the streets. Such a block covers almost precisely 3| acres, and 
17^ such lots about mako an aero. But, allowing for the streets, 
land laid out into lots, 25 by 100, arranged aa above, would con- 
tain only 11.9, or not quite 12 Iota per acre. 

Lots in small towns and villages are laid out of greater size and 
less uniformity, 50 feet by 100 is a frequent size for new villages, 
the blocks bemg 200 feet by 500, each therefore containing 20 lots. 

(4ft8) Land sold for taxts, A caije occurring in the Sfete of 
New-York will serve as an application of the modes of laying out 
squares and rectangles. Land i'''S- '^^^■ 

on which taxes are unpaid is 
sold at auction to the lowest 
bidder ; i. e. to him who will 
accept the smallest portion of 
it in return for paying the taxes 
on tho whole. The lot in ques- 
tion was originally the east 
half of the square lot ABOD, 
containmg 500 acres. At a 
sale for taxes in 1830, 70 acres 
were bid off, and this area was 
set off to the purchaser in a square lot, from the north-east corner. 
Required the side of the square in links. Again, in 1834, 29 
acres more were thus sold, to be, set off in a strip of equal width 
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around the sq\ia,re previously sold. Required the width of this 
strip. Once more, in 1839, 42 acres more were sold, to be set 
off around the preceding piece. Required the dimensions of this 
third portion. The answer can be proved by caJcuIating if the 
dimenaions of tlie remaining rectangle will ^ve the content which 
it should Slave, viz. 250 — (70 + 29 + 42) =109 Acres. 
The figure ia on a scale of 40 chains to 1 inch ^ 1 : 31680. 

(199) Sew countries. The operations of laying out land for the 
purposes of settlers, are required on a large fcale in new countries, 
in combination with their survey. There ia great difficulty in 
uniting the necessary precision, rapidity and cheapness. " Tri- 
angular Surveying" will ensure the first of these qualities, but is 
deficient in the last two, and leaves tho laying out of lots to be 
subaequently executed, " Compass Surveying" possesses the last 
two qualities, but not the first. The United States system for 
surveying and laying out the Public Lands admirably combines an 
accurate determination of standard lines (Meridians and Parallels) 
with a cheap and rapid suhdivision by compass. The subject ia so 
unportajit and extensive that it will be explained by itself in 
Part XII. 



CHAPTER 11. 



PARTING OFF lASD. 

(500) It is often required to part off from a field, or from an 
indefinite spaee, a certain number of acres by a fence or otJier 
boundary line, which is also required to run in a particular direc- 
tion, to start &om a eerttun point, or to fulfil some other condition. 
The various cases most hkely to occur ivill be here arranged 
according to these conditions. Both graphical and numerical me- 
thods will generally be ^ven.* 
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The gjyGn content is always supposed to be reduced to square 
ehajiis and decimal parts, and the lines to bo in chains and deci- 



A. Ey a lisb parallel to a side. 

(301) To part off a rectangle. If the sides of the field adja- 
cent to the given side make right angles with it, the figure parted 
off by a parallel to the g^ven side will be a rectangle, and its 
breadtli will equal the required content divided by that side, as in 
Art. (493). 

If the field be bounded by a curved or aigzag lino outside of the 
given side, find the content between these irregular lines and the 
given straight side, hy the method of oflsets, subtract it from the 
content required to be parted off, and proceed with the remainder 
as above. The same directions apply to the subsequent problems. 



(303) To part off a parallelograoi. 

the given side be parallel, the 
figure parted off will be a parallel- 
ogram, and its perpendicular width , 
CE, wiO be obtained as above. 
The length of one of the parallel 



If the 



Ijacent to 




ABDC 



AB. 



(503) To part off a trapezoid. When the sides of the field 
adjacent to the given side are not parallel, the figure parted off 
will be a trapezoid. 

When the field or figure is given on the ground, or on a plat, 
begin as if the sides were parallel, Fig, 345. 

dividing the given content by the 
base AB. The quotient will be 
an approxtmate breadth, CE, or 
DE ; too small if the sides con- 
verge, as in the figure, and vice 

versa. Measure CD. Calculate " ^ r " 

the content of ABDC. Divide the difference of it and the required 
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contonfc by CD. Set off tlio quotient perpendicular to OD, (in this 
figure, outside of it,) and it mM give a new line, UH, a still nearer 
approximation to that deared. The operation may be repeated, if 
found nee 



(304) When the field ia given by Bearings, de- 
duce from them, as in Art, (243), the angles at A 
and E. ITie required sides will then be given by 
these formulas : 

2 X ABOD . sin, (A + B)\ 



CD^y(A3: 
AD = (AB 



:. B 



CD)-: 



(A + B)- 



EC = CAB — CD) ■ °7t^v 
^ -^ ain. (A + B) 

tVhen the sides AD.and EC diverge, instead of converging, as 
in the figure, the negative term, in the expression for CD, becomes 
positive ; and in the expressions for both AD and EC, the first 
factor becomes (CD — AB). 

The perpendicular breadth of the trapezoid = AD . sin. A ; 
or =BC.an. B. 

Example. Let AE run North, six chains ; AD, N. 80° E. ; 
BC, S. 60° E. Let it be reqiured to part off one acre by a fence 
parallel to AB. Here AB = 0.OO, AECD = 10 square chains, 
A = 80%E = 60°. Am. CD = 4.5T, AD = 1.92, BC = 2.18, 
and the breadth = 1.89. 

The figure is on a scale of 4 chains to 1 inch = 1 : B168. 

E. By a line perpendicular to a side. 
(305) To part off a trlaDglCt Let EG be the required line. 
When tlie field is given on the ^'S- 3^^' 

ground, or on a plat, at any point, as 
D, of the given side AB, set out a 
"guess line," DE, perpendicular to 

AB, and calculate the content of "' ~ i)~p 

DEB. Then the required dfetance BE, from the angular point 

to the foot of the desired perpendicular, ^BD /l— ^-,1. 
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Sxa-m^Ie. Let ED = 30 chains ; ED = 12 chains ; and the 
cl68ireiiarca = 24,8 acres, ThenBF = 35.22 chains. 
The scale of the figure is 30 chains to 1 inch = 1:23760. 

(500) When the field is ^ven by Bearings, j;„. 343. 

find the angle B from the Bearings ; then is 

MmmpU. Let EA bear S. 75° E., and BC 
N. 60° E., and let five acres be required to be 
parted off from tie field by a perpendicular to BA. Here the 
angle B = 45°, and BF = 10.00 chains. 

The scale of the figure is 20 chains to 1 inch = 1 : 15840. 

(507) To part off a quadrilateral. Produce the converging 
sides to meet at B. Calculate the Fig. 369. 
content of the triangle HKB, whe- 
ther on the ground or plat, or from 
Bearings. Add it to the content ,„--' 
of tbe quadrilateral requu-ed to be ^'""" 
parted off, and it will give that of the triangle FGB, and the me- 
thod of the preceding case can then be applied. 

(508) To part off auy %ure. If the field be very irregularly 
shaped, find by trial any line which will part off a little leas than 
the required area. This trial line wiU represent HK in the pre- 
ceding figure, and the problem is reduced to parting off, accord- 
ing to the required condition, a quadrilateral, comprised between 
the trial line, two sides of the field, and the required line, and con- 
taining the difference between the required content aad that parted 
off by the trial-line. 

C. By a line rdnning is any given direction. 

(509) To part off a trian^lCi By construction, on the ground 
or the plat, proceed nearly as in Art, (505), setting out a line 
in the required direction, ealeulatuig the triangle thus formed, and 
obtaining BF by the same formula as in that Article. 

22 
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(510) If the field be given bj Bearings, find 

from them the angles CBA and GFB ; then is 

; BPasm^(B + B)\ 



BF. 



-K- 



. u . 



J. Let BA bear S. 30° E. ; BO, 
N. 80° E. ; and a fence be required to nin.iroin 
some point in BA, a due North course, and to 
part off one a<ire. Required the distance from 
B to the point P, whence it must start. Ans. 
The angle B = 70°, and F = 30°. Then BE = 

The scale of Fis. 350 is 6 chains to 1 inch = 




1:4752. 



(311) To part ofif a quadrilateral. Let it be required to part 
off, by a Ime running in a ^'s- s^'- 

given direction, a qaadrilar 1 ,---'7^ 

teral from a field in which 
are given the ade AB, and 
the directioBB of the two ^ 
other sides running from A 
and from B. 

On the ground or plat 
produce the two conver^g 
sides to meet at some point 
E. Calculate the content 
of the triangle ABE, Measure the side AE. From ABE subtract 
the area to be cut off, and the remainder will be the content of the 
triangle CDE. From A set out a line AF parallel to the ^ven 
direction. Find the content of ABF. Take it from ABE, and 




thus obtain AFE. Then this formula, ED = AE ■ 
the point D, since AD = AE — ED. 



n/S 



^, will fix 



(515) When the field and the dividing line are given by Bear- 
ings, produce the sides as in the last article. Find all the angles 
from the Beannga. Calculate the content of the triangle ABE, by 
the formula for one ade and its including angles. Take the 



Hosted by 



Google 



CHAP. II.] Partii^ off Lanift 

desired coatent from this to obtain CDE. Calculate the s 



AE=AB" 



ill. E 



Theni8AD = AE- 



-^(- 



'2 X CDE . si 



.DCEv' 



I.E. 



..DOE 



Let DA bear S. 20^° W. ; AE, N. 51i° W., 8.19 ; 
BC, N. 73^° E. ; and let it be required to part off two acres by a 
fence, DC, running N. 45' W. Ans. AEB = 32.50 sq. chains ; 
whence CDE = 12.50 eq. chs. Also, AE = 8.37; and finally 
AD = 8.37 — 5.49 = 2.88 chains. 

The scale of Fig. 351 is 5 chains to 1 inch = 1 ; 3960. 

If the sum of the angles at A and B was more than two right 
angles, the point E would he on the other side of AB. The neces- 
sary modifications aie apparent. 



(518) To part off any figure. Proceed ii 
that described in Art. (508), by gettmg a suitable trial-line, pro- 
ducing the sides it intersects, and tlien applying the method just 
given. 

D. By a lisb startisg jfkom a given point in a side. 

(514) To part off a triaiig;le< Det it be required to cut off 
from a comer of a field a triangu- 
lar space of g^ven content, by a 
line starting from a given point 
on one of the sides, A in the figure, 
the base, AB, of tbe desired tri- 
angle being thus given. If t 
field be given on the ground or on 
a plat, divide the given content 
by half the base, and the quotient will be the height of the tri- 
angle. Set off this distance from any point of AB, perpendicular 
to it, as from A to ; from set out a parallel to AB, and its 
intersection with the second side, as at D, will be the vertex of the 
required triangle. 

Otherwise, divide the required content by half of the perpendi- 
cular distance from A to BD, and the quotient will be BD. 




* This original formiila 



It fov logarithmic computQlion. 
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(515) If the field be given bj the Bearings of two sides and the 
length of one of them, deduce the angle E (Fig. 352) from the 

Bearing, as in Art. (243). Then is ED = ^^1^^. 

If it 13 more convenient to fix the point D, by the Second Me- 
thod, Art, (6), that of rectangular co-ordinates, we shall have 
BE = BD . COS. B ; and ED = BI> . sin. B. 

The Bearing of AD is obtained from the angle BAD ; which is 
fao,n, Bm„._ = _j___=tog. BAD. 

Exam/ple. Eighty acres are to be set off from a corner of a 
field, the course AB being N, SO'^ W., sixty chains ; and the Bear- 
ing of BD being N. 70^ E. Am. BD==63.33; BE = 46.19; 
ED = 26.67 ; and the Bearing of AD, N. 6o 48' W. 

The scale of Fig. 352 is 40 chains to 1 inch = 1 : 31680. 

If the field were right angled at B, of course BD = ■■. 



(516) To part off a quadrilateral. Imagine the two converg- 
ing sides of tlie field produced to meet, as in Art, (511). Calcu- 
late the content of the triangle thus formed, and the question will 
then be reduced to the one explained in the last two articles. 

(517) To part off any figure. Proceeda3directedinArt.(513). 
Otherwise, proceed as follows. 

The field beuig given on the ground or on a plat, find on which 
side of it the required line will end, by drawing or running " guess 
Imea" from the ^ven point to various angles, and roughly measur- 
ing the content thus parted off, Fig- 353. 
If, as in the figure, A being the 
given point, the guess line AD 
parts offless than the required con- 
tent, and AE parts off more, then 
the desired division line AZ will 
end in the side DE. Subtract the 
area parted off by AD from the 
required content, and the difference will be t 
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mgle ADZ, Divicle this by half the perpendicular let fall from 
the given point A to the side DE, and the quotient will he the base, 
or distance from D to Z. 

Or, find the content of ADE and make this proportion ; ADE ; 
ADZ : : DE : DZ. 

(518) The field being given by Bearings and distances, find 
as before, by approximEite trials on the plat, or otherwifie, which 
side the desired hue of division will terminate in, as DE in the laat 
figure. Draw AD. Find the Latitude and Departure of this 
line, and thence its length and Bearing, as in Art. (440). Then 
calculate the area of the space this line parts off, ABCD in the 
figure, by the usual method, explained in Part III, Chapter VI. 
Subtract this area from that reqmred to be cut off, and the remain- 
der will be the area of the triangle ADZ. Then, as in Art. (5(5), 
pg^ 2 ADZ 

AD . sin. ADZ' 

This problem may be executed without any other Table than that 
of Latitudes and Departures, thus. Find the Latitude and Depar- 
ture of DA, as before, the area of the space ABCD, and tJience 
the content of ADZ. Then find the Latitude and Departure of 
EA, and the content of ADE. Lastly, mate this proportion: 
ADE : ADZ : : DE : DZ.* 

Example. In the field ABCDE, &c., part of which is shown 
in Fig. 353, (on a scale of 4 chains to 1 inch ^ 1 : 3168), one 
acre is to be parted off on the west ade, by a line starting from the 
angle A. Required the distance from D to Z, the other end of 
this dividing line.f 

The only courses needed are these. AB, N. bZ'^ W., 1.55 ; 
BC, N. 20° E., 2.00 ; CD, N. b^° E., 1.32 ; DE, S. 5T° E., 5.79. 
A rough measurement will at once shew that ABCD is less than 
an acre, and that ABCDE is more ; hence the desired liae will fall 

• The problem may also be performed by laaliing the aide on which iho divi- 
sion line is to fall, a Meiidian, and changing the Beavinga as in Art. (344). The 
difference of the new Departures will be the Departure of the DiTJaion line. lis 
position can then be eaaily determined, by oalcnlationa reaembling thoae in Part 
VII, Chapter Vf, ArK. (443), &c. 

t If the whohs field lias been snrveyed and balanced, tlie balanced Latitudes 
and Denartucea should be uaad. We will here suppose the aarrey lo hava proved 
perfeotly correct 
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on DE. The Latitudes and Departures of AB, BO and CD are 
then found. J"rom them the course AD is found to be N. 8° E., 
3.63. The content of ABCD will be 3.19 square chains. Sub- 
tracting this from one a«re, the remainder, 6.81 aq. chs., is the con- 
tent of ADZ. AP = 3.63 X sin. 65'=-= 3.29. Dividmg ADZ 
bj half of this, we obtain DZ^4.14 chains. 

By the Second Methoc!, the Latitude and Departure of DA, the 
area of ABOD, and of ADZ, being found as before, we next find 
the Latitude and Departure of BA, from those of AD and DE, 
and thence the area of ADE = 9.53. Lastly, we have the pro- 
portion 9.53 : 6.81 : : 5.79 : DZ = 4.14, as before. 

E, By a line passisq through a given point within the eibld. 

(51ft) To part off a triangle. Let P be a point within a field 
through which it is required to 
run a line so as to part oSF from 
the field, a given area in the 
form of a triangle. 

AVhen the field is given on the 
ground or on a plat, the division 
can bo made by construction, 
thus. From P draw PE, paral- 
lel to the side BC. Divide the 
given area by half of the perpen- 
dicular distance from P to AC, 
and set off the quotient from C 
to G. Bisect GC in H. On 
HE describe a semi-circle. On 
itsctofeEK = EC. JoinKH, 
Set off HL = HK. The hne LM, drawn from L through P, will 
be the division lino requned.* If HK be set off in the contrary 
direction, it will fix another line L'PM', meeting CB produced, and 
thus parting off another triangle of the reqiured content. 

Example. Let it be required to part off 31.175 acres by a 
fence passing through a point P, the distance PD of P from the 




lines ill the figare 


are not used in the ciniBtrii 


tion, ihough 


onatralion, ihe Btud 


ent should dvBw it himaelf t 


a krge Bcal 
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parallel to AC, being 6 chains, and DC 18 
ehaina. Tlie angle at is fixed by a "tie-line" AB = 48.00, 
BC being 42.00,. and CA being 80.00. Ans. CL = 2T.31 
chains, or CL'= 7.69 chains. 

l"he figure is on a scale of 20 chains to 1 mch = 1 : 15840. 



Fig, 355. 




(520) If the angle of the field 
and the position of the point P are 
^iven by Beaiings or angles, proceed 
thus. Find the perpendicular dis- 
tances, PQ and PR, from the given 
point to the sides, by the formulas 
PQ = PC . sin. PCQ ; and PR = 
PC . sin. PCR. Let PQ = q, PR 
=^^, and the required content =e. 

P V V sin. LUM/ 

Example. Let the angle LCM= 82°. Let it be reqmred to 
part off the same area aa in the preceding example. Let PC = 
19.75, PCQ^ir 30^', PCR = 64° 2^'. Required OL. 
Ans. PQ = 5.94, PR = 17.82, and therefore, by the formula, 
GL^27.B1, or CL' = 7.69; corresponding to the graphical 
solution. The figure is on the same scale. 

If the given point ivere without the field, the division line could 
be determined in a similar n 



(521) To part off a quadrilateral. Conceive the two sides of 
the field which the division line will intersect, rig, 350. 

DA and CB, produced till they meet at a 
point Gr, not shown in the figure. Calculate 
the triangle thus formed outside of the field, j 
Its area increased by the required area, 
will he that of the triangle EFG. Then the 
problem is identical with that in the last 
article. The following example is that 
^ven in Griimmere's Surveying. The figure 

s it on a scale of 20 chains to 1 inch ^ 1 : 15840. 
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Example. A field is bounded thus: N. 14° W., 15.20; 
N. 701° E., 20.43 ; S. 6'^ E., 22.79; N. 86i° W., 18.00. A 
spring within it bears from the second comer S. 75° E., 7.90. It 
is required to cut off 10 acres from the West side of the field by a 
straight fence through the spring. How far will it be from the 
first corner to the pohifc at which the division fence meets the fourth 
side? Ans. 4.6357 chains. 



Fig. 357. 



(522) To part oSf any figure* Let it be required to part off 
from a field a certain area hy 
a line passing through a 
point P within the field. 
a guoss-lino AB through P. 
Calculate the area which it 
parts off. Call tho difference 
between it and the required 
area = d. Let CD he the 
desired line of division, and 
let P represent the angle, APC or BPD, which it makes with the 
given line. Obtain the angles PAG = A, and PED = B, either 
by measurement, or by deduction from Bearings. Measure PA 
ajid PB. Then the desired angle P will be ^ven by the following 
formula. 




Cot. P = — 4 (cot. A + cot. B — 
; rApg . cot. B — BP^ . cot. A 



AP=. 



-BP^I 



2 <; 



V[^ 



'id 



\ icot. A 



+ cot. '. 



AP= 



cot. A . cot. B + 



-BPS 



'2,d 



n 



If the guess line be run s<i as to be perpendicular to one of the 
sides of the field, at A., for example, the preceding expression 
reduces to tlie following simpler form. 



v'D 



Cot. P=.~j(< 
cot. B 



cot. I 



AP" 



-BP- 



^d 



+ i(cot B — - 



ly]. 
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It was reciuirod to cut off from a field twelve acres 
by a line passing through a spring, P. A guess-line, AB, was run 
mating an angle with one side of the field, at A, of 55°, and with 
the opposite Eude, at B, of 81°. The area thus cut off was found 
to be 13.10 acres. From tho sprmg to A was 9.30 chains, and to 
B 3.30 ch^s. Required the angle which the required line, CD, 
must make with the guess line, AB, at P. Ans. 2.0° 45' ; or 
— 86° 25'. The heavy broken line, O'D', shows the latter. 

The scale of the figure is 10 chains to 1 meh = 1 : 7920. 

If the given point were outside of the field, the calculations would 
be similar. 




E. By the shortest possible hnb. 

(533) To part off a triai^le. Lot it be required to part off a 
triangular space, BDE, of given content, from the 
comer of a field, ABO, by the ^ortest possible 
line, DE. 

From B set off ED and BE each equal to 
^(1^^^ . The line DE thus obtained will be 
perpendicular to the hne, BF, which bisects the an- 
gleB. The length of DB=-i--^ j - - — ■'-. 

Example. Let it be required to part off 1.3 acre from the 
comer of a field, the angle, B, being m°. Ans. BD = BE = 
7.21; and DE = 3.73. 

The scale of the figure is 10 chains to 1 inch =1 : 7920. 

G. Land op variable value, 
(524) Let the figure represent a field in wliich 
the land is of two qualities and values, divided by 
the " quaHty Hne" EF. It is required to part off 
from it a quantity of land worth a certain sum, by 
a straight fence parallel to AB. 

Multiply the value per acre of each part by its 
length (in chains) on the line AB, add the pro- 
ducts, multiply the value to be set off by 10, divide 
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by the above sum, and the quotient will be the desired breadth, EC 
or AD, in chains. 

Mxample. Let the land on one side of EF be worth $200 per 
acre, and on the other side $100, Let the length of the former, 
BE, be 10 chains, and EA be 30 chains. It is required to part 
off a quantity of laud worth |7500. Ans. The width of the 
desired strip will be 15 chains. 

The scale of the figure is 40 chains to 1 inch = 1 : 31680. 

If the " quality line " be not perpendicular to AB, it may be 
made so by " giving and taking," aa in Art. (124), or as in the 
article following this one. 

The same method may be applied to land of any number of 
different quahties ; and a combmation of this method with the pre- 
ceding problems will solve any case which may occur. 
H. Straightening! crooked penobs. 

(525) It is often required to substitute a straight fence for a 
crooked one, ao that the former shall part off precisely the same 
quantity of land as did the latter. This can be done on a plat by 
the method given in Art, (83), by which the irregular figure 




1.,.2,,,3..,4„.5 is reduced to the equivalent triangle 1... 5. ,,3', and 
the straight line 5.. .3' therefore parts off the same quantity of land 
on either side as did the crooked one. The distance from 1 to 3', 
as found on the plat, can then be set out on the ground and the 
straight fence be then ranged from 3' to 5 

The work may be done on tlie ground more accurately by run- 
ning a guess line, AC, Fig. 361, across the bends of the fence which 
crooks from A to E, measuring offsets to the bends on each side 
of the guess line, and calculating their content. If the sums of 
these areas on each side of AC chanced to bo equal, that would be 
the line desired ; but if, as in the figure, it pa-sses too far on one 
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Fig. 36!. 




]e, diTido the difference of the areas by half of AC, and set it 
off at right angles to AC, from A to B. DC will then be a line 
parting off the same quantity of land as did the croolced fence. If 
the fence at A was not perpendicular to AC, but oblique, as AE, 
then from D run a parallel to AC, meeting the fence at E, and EC 
will be the required line. 



CHAPTER III. 



DITIDIIVG rP LASD. 

(526) Most of the problems for " Dividing up" land may he 
brought under the cases in the preceding chapter, by regardmg 
one of the portions into which the figure ia to be divided, as an 
area to be " Parted off" from it. Many of them, however, can 
be most neatly executed by considering them as independent pro- 
blems, and tMa will be here done. They will be arranged, firstly, 
according to the simplicity of the figure to be divided up, and then 
sub-arranged, as in the loading arrangement of Chapter II, aeeord- 
bg to the manner of the division. 



DIVISION OF TRIANGLES. 
(527) By lines parallel to a side. Sup- 
pose that the triangle ABC is to be divided into 
two equivalent parts by a line parallel to AC. 
The desired point, D, from which this line ia to 
stftrt, will be obtained by measuring BD = 
AB Z^- So, too, E is fixed by BE = BC VI 
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Generally, to divide the triangle into two parts, BDE and ACED, 
whieli shall hare to each other a ratio ^m : n, we have BD = 

This may bo constructed thns. Describe a 
semicircle on AB as a diameter. From 
off BF = — ~— . BA. At P erect a perpendi- 
cular meeting the semicircle at G. Sot off EG \ 
from B to D. D ia the starting point of the divi- j 
sion line required. In the figure, the two parts are 
BF is therefore = | BA. 

To divide the triangle ABC into five f 

equivalent parta, we should have, similarly, 
BD=AB V}; BD' = AB V*; BD" 
= AB VI; BD"'==AB Vf 

The same method will divide the trian- 
gle into any desired number of parta hav- 
ing any ratios to each other. 





(528) By lines perpendicular to a side. Suppose that ABC 
is to be divided iuto two parts having Fig. 365, 

a ratio = m : ?i, by a line perpendicular 
to AC. Let EP be the dividmg line 
whose position is required. Let BD 
be a perpendicular let fall from B to 

AC. Then is AE = J(aC X AD X — ^) ■ In this figure, 

AFE: EFBC :: m : n ■.: 1 : 2. 

If tho triangle had to be divided into two equivalent parta, the 
above expression would become AE = VC^ AC X AD). 



(529) By lines running ill any g'lveu direction. Let a triangle, 
ABC, be given to be divided into two parts, having a ratio = m : n, 
by a line making a given angle with a side. Part off, as in Art. 

(509) or (510), Fig. 350, an area BFG -= — ^— ■ ABC. 
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(530) By lines starting from an angle. Pivicle the side oppo- 
site to the given angle into tie requirec! imm- F'S- ^'^^■ 
ber of parts, and draw lines from the angle to 
the points of division. In the figure the tri- 
angle is represented as being thug divided into 
two equivalent parts. 

If tbe triangle were required to be divided into two paxts, having 
to each other a ratio = m : », we should have AD = AC — -j—t 



If^ the triangle had to be divided into three 
parta which should be to each other i:m:n:p, 
we should have AD = AC 



,i + n + p'- 



= AC- 



, and EC = AC - 



Suppose that a triangular field ABC, had to ho divided among 
five men, two of them to have a quarter each, and three of them 
each a sixth. Divide AC into two equal parts, one of these again 
mto two equal parts, and the other one into three equal | 
Run the lines from the four points thus obtained to tl 

(SSI) By lines startiug from a point in a slde> Suppose that 
the triangle ABC is to be divided into two 
equivalent parts by a line starling from a point 
D in the side AC Take a point E in the 
middle of AC. Join BD, and from E draw a 
parallel to it, meeting AB in F. DF will be , 
the dividing lino required. 

The point E will be most easily obtained on the ground by tlie 
proportion AD : AB : : AE = ^ AC : AF. 

The altitude of AFD of course equals ^ AEC -^ ^ AD. 

If the triangle is t» be divided into two parts having any other 
rat^o to each other, divide AC in that ratio, and then proceed as 
_ AB X AC m 

' m + n 




Let this ratio = m : n, then AF = 
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(.532) Next suppose that the triaa- 
gle ABC is to be divided into three 
equivalent parts, meeting at D. The 
altitudes, EF and GH, of the parts 
ADE and DCG, will be obtained by ^ 
dividing \ ABC, by half of the respective bases AD and DC. 

If one of these quotients gives an altitude greater than that of the 
triangle ABC, it will shew that the two lines DE and DG would 
both cut the same side, as in Fig. 370, in rig. 370. 

which EF is obtained as above, and GH = 
I ABC -^ I AD. 

In practice it is more convenient to de- 
I the points F and G, hj these 

" "" E Hli^D - 
BK : AK : : EF : A:P ; and BK : AK : : GH : AH. 

The division of a triangle into a greater number of parts, having 
any ratios, may be effected in a ^milar manner. 

(533) This problem admite of a more elegant solution, analogous 
to that given for the division into two ^'s- 37i. 

parts, graphically. Divide AC into 
three equal parts at L and M. Join 
BD, and from L and M draw paral- 
lels to it, meeting AB and BC in E ^' t »^H"~ 
and G. Draw ED and GD, which will be the desired lines of 
division. The figure is the same triangle as Fig. S69. 

The pomts E and G can be obtained on the ground by measur- 
ing AD and AB, and malting tiie proportion AD : AB : : \ AC : AE. 
The point G is similarly obtained. 

The same method will divide a triangle into a greater number 
of parts. 

(534) To divide a triangle into four equivalent triangles by 
lines terminating in the sides, is very ^ ^'K- ^'S- 
eaay. From D, the middle point of AB, 
draw DE parallel to AC, and from F, 
tiie middle of AC, draw FD and FE. 
The problem is now solved. 
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(535) By lines passing througb a point witiilo the triangle. 

Let D be a given point (such as a well, ^^s- ^^^-^ 

&c,) within a triangular field ABC, from 

which fences are to run so as to divide 

the triangle into two equivalent parts. 

Job AD. Take E in the middle of BO, a^- 

and from it draw ,1 parallel to DA, meeting AC in F. EDP is 

the fence retjuired. 



(536) If it be required to di- 
vide a triangle into two equivor 
lent parts by a straight line pass- 
ing through a point within it, pro- 
ceed thus. Let P be the gven 
point. From P draw PD paral- 
lel to AC, and PE parallel to BC. 
Bisect AC at F. JoinFB. From 
B draw EG parallel to DP. Then 
bisect GO in H. On HE de- 
scribe a semicircle. On it set off 
EK = EC. Join KH. Set off /[ 
HL = HK. The line LM drawn ^1 
from L, through P, will he the 
division line required. 

This figure is the same as that of Art. (519). The triangle 
ABC contains 62.35 acres, and the distance OL = 27.31 chains, 
as in the example in that article. 




(537) Next suppose that the trian- 
gle ABC is to be divided into three 
equivalent parts by lines startrng from 
a point D, within the triangle, ^ven by 
the rectangular co-ordinates AE and 
and ED. Let ED be one of the lines 
of division, and F and G the other points required. The point F 
will be determined if AH is known ; AH and HF being its rectan- 
gular co-ordinates. From B let fall the perpendicular BK on AC. 
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„,, . ,„ AK(#ABC — AE X ED) ,.,. ... p., 

Tl«»»AH = -jJLj— jj^^. Ihe pOBita of the 

other point, G-, is determined in a similar manner. 

(538) Let DB, instead of DE, 
be one of the required lines of 
division. . Divide ^ ABO by half 
of the perpendicular DH, let fall 
from D to AB, and the quotient 
will be the distance BE. To find 
G, if, as in this figure, the trian- ^ 
gle BDC (= BC X ^DK) is ieas than \ ABO, divide the excess 
of the latter (which will be CDGc) by | DE, and the quotient will 
beCG. 

Example. Let AB = 30.00 ; BG = 45.00 ; CA = 50.00. 
Let the perpendiculars from D to the sides be these ; DE =^ 10.00 ; 
DH = 20.00 ; DK = 5.17J. The content of the triangle ABC 
will be 666.6 square chains. Each of the small triangles must 
therefore contain 222.2 sq. chs., BD being one division line. We 
shall therefore have BF = 222,2 ^ ^ DH = 22.2 chains. BDC 
^ 45 X ^ X 5.17^ =^ 116.4 aq. chs., not enough for a second por- 
tion, but leaving 105.8 sq. chs. for CDG ; whence CG = 21.16 
chs. To prove the work, calculate the content of the remaining 
portion, GDEA. We shall find DGA = 144.2 sq. chs., and ADF 
= 78.0 sq. chs., making together 222.2 sq. chs,, as required. 

The scale of Kg. 376 ia 30 chains to 1 inch = 1 : 23760, 

(539) The preceding case may Fig. 377. 

be also solved graphically, thus. 
TakeCL = ^AC. Join DL, and 
from B drSrW BG parallel to DL. 
Join DG. It will be a second line 
of di™ion. Then take a point, / _,,-- 
M, hi the middle of BG, and from a^''" 
it draw a line, MF, parallel to DA. DF will he the third fine of 
division. This method is neater on paper than the preceding ; but 
leas convenient on the ground. 
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(640) Let it be required io diyide 
the triangle ABC into three equivar 
lent triangles, by lines drawn from 
the three angular points to some ww- 
ktiown point within the triangle. This 
point is now to be found. On any -' 
aide, as AB. feke AD = ^ AS. Jrom D draw DE parallel to 
AC, The middle, 'F, of DE, is the point required. 

If the three small triangles are not to be equivalent, but are to 
have to each other the ratios :: m : n:p, Fig-. 379. 

divide a side, AB, into parts having 
these ratios, and through each point 
of diviaion, D, E, draw a parallel to 
the side nearest to it. The intersec- 
tion of these parallels, in F, is the 
point required. In the figure the parts ACF, AEF, ECF, are aB 
2:3:4. 





(541) Let it be required to find 
the position of a point, D, situated 
within a gjven triangle, ABC, and 
equally distant from the points A, B, 
C ; and to determine the ratios to 
each other of the three triangles into 
which the given triangle is divided . 

By construction, find the centre of the circle passing through 
A, E, C. This will he tho required point. 

By calculation, the distance DA = DB = DC = AB x EC x CA^ 

The three small triangles will be to each other as the sines of their 
angles at D ; i. e. ADB : ADC : BDC : : sin. ADB : sin. ADC : 
sin. BDC. These angles are readily found, since the sine of half 
of each of them equals the opposite side divided hy twice one of 
the equal distances. 
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(512) By the shorlcst jiossible line. Let it be 

required to divide the triangle ABC by the short 
est possible line, DB, into two parts, which shall 
be to ea^h other :: m : ii; or DEE : ABC : : m 
: m-f m. 
From the smallest angle, B, of the triangle, 
ng the sides, BA and BO, a ( 




BD = BE=^'(^^x ABxBc). DEisthe . 

line required. It is perpendicular to the line BF which Y 

the angle ABC; and it is = - ^'"v ^ ^ ( *" X AB x BC)- 

Cos. ^ i> V \3fi -p "■ ' 

DIVISION OF RECTANGLES. 

(513) By lines parallel to a side. Divide two opposite sides 
into the required number of parts, either equal or in any given 
ralio to each odier, and the lines joining the points of division will 
be the lines desired. 

The same method is applicable to any parallelogram. 
Bxaw^le. A rectangular field 
ABCD, measuring 15.00 chains 
by 8.00, is bought by three men, 
who pay respectively $300, $400 
and $500. It is to be divided 
among them in that proportion. 
Ans. The portion of the first, 
AEE'B, is obtauied by making the proportion 300 + 400 + 500 : 
300 : : 15.00 : AE = 3.75. EF is in like manner found to be 
5.00 ; and FD = 6.25. BE' is made equal to AE ; E'F to EF ; 
and F'C to FD. Fences from E to E', and from F to F', will 
divide the land as required. 

The scale of the figure is 10 chains to 1 inch = 1 : 7920. 
The other modes of diriding up rectangles will be given under 
the head of " Quadrilaterals," Art. (548), &c. 



Fig. 38^ 

I!' I 


' 
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DIVISION OF TRAPEZOIDS 

(5t4) By lines yiirallel to the bases. Given the ba 
third side of the trapezoid, ABCD, to be Fig. 

divided into two parts, such that BCFE : fi 

EFDA ■.-.m-.n. 

The length of the desired dividing line, 

_ AB (EF — HC ) 
AD~BC ■ 
Let AD = 30 chains ; BC = 
20 cha. ; and AB = 54^ chs. ; and the parts 
to be as 1 to 2; required EF and BE. 
AnB. EF = 23.80 ; and BE = 20.65. 

The figure is on a scaJe of 30 chains to 1 
inch = 1 : 23760. 



The distance BE = 



(545) Given the bases of a trapezoid, and the perpendicular 
distance, BH, between them ; it is required to divide it as before, 
and to find EF, and the altitude, BG, of one of the parts. Let 

BCFE : EFDA : : w : Ji, ThenBG = 



VL-^> 



AD— BC 



2 X ABCD X BH 



EE = BC + BG X 



AB 



■ — BC 
-EC 



/BCxBHi^T 
\AD"BC/ J' 



BH 



Example. Let AD = SO.OO ; BC = 20.00 ; EH = 54.00 ; 
and the two parts to be to each other ; : 46 : 89. 

The above data ^ve the content of ABCD ~ 1350 square 
chmna. Substituting these numbers in the above formula, we obtain 
BG = 20.96, and EF= 23.88. 



(546) By lines starting from points in a side. To divide a 
trapezoid into parts equivalent, or having any ratios, divide its 
!l sides in the same ratios, and join the corresponding points. 
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If it bo alao requirecl that the clivision linea shall start from 
given pointa on a side, proceed 
thus. Let it be required to 
divide the trapezoid ABCD 
into three equivalent parts bj 
fences starting from P and Q 
Divide the trapezoid, as above 
directed, into three equivalent 
trapezoids by the Unea EF and GH. These three trapezoids nrn 
now be transformed, thus. Join EP, and from F draw FR paral 
lei to it. Join PR, and it will be one of the division lines required. 

The other division line, QS, is obtained similarly. 

(547) Other caseSt For other cases of dividing trapezoids, 
apply those for quadrilaterals in general, given in the foUo^ving 
articles.* 

DIVISION OF QUADRILATERALS. 

(548) By Hues paraUel to a side. Let ABCD be a quadrila 
teral wliich it is required to rig, 385. 

divide, by a line EF, paral- c 

lei to AD, into two parts, ,'V', 

BEFO and EFDA, which / j \ 

shall be to' each other as ,'' ; \ 

m:n. Prolong AB and CD /' ; \ 

to intersect in 0. Let a he 
the area of the triangle 
ADG, obtained by any me- 
thod, graphical or trigono- 
metaical, and a' = the area ■ 
of the triangle BC6, obtained by subtracting the area of the given 
quadrilateral from that of the triangle ADG. Then OK = GH 

this length of GK from G on 

GH, set off at K a perpendicular to GK, and it will be the required 
line of division, 

* If a line be drawn joining the middle pointa of the parallel bases of a ti'ape- 
zoid, any Utie drawn through tho ntiddle of the first line, aad. meeting the paral- 
lel basea, will diride the trapoaoid into two equiTalent parts. 




^ I ■■■— - I . Having measured 
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E = GA. /(■""' "*" '^) ; and from E run 

a, parsJlel to AD, 

If tie two parts of the quadrilateral were to bo equivalent, m =n, 
and we have GK = GH /i2JliLl ; and consequently GE to 

GA in the same ratio. 

Example. Let a quadrilateral, ABOI), be required to be thus 
divided, and let its angles, B and 0, be given by rectangular co-ordi- 
natos, viz : AE' = 6.00 ; B'B = 9.00 ; DC = 8.00 ; C'C = 13.00 ; 
B'C = 24.00. Here GH is readily found to be 29.64 ; ADG = 
563.16 square chains ; and EGC = 220.16 square chains. Hence, 
by the formula, GK = 24,T2 ; whence KH = GH — GK = 4.92 ; 
and the abscissas for the points E and P can be obtained by a 
simple proportion. 

The scale of the figure is 20 chains to 1 inch = 1 : 15840. 

If the quadrilateral be ^ven by Bearings, part off the desired 

area = — ^^ . ABCD, by the formulas of Art. (504) , 

Suppose now that a quad- Fig, 386. 

rilateral, ABCD, is to be di- « 

vided into^ equivalent parts, _.---''' \ 

by lines parallel to AD, n,--''' \ 

?e, or calculate by Tri- 
, AG. Let Qbe 
the quadrilateral ABCD, and, 
as before, a' ~ BOG. Then 

GE = AGji "'"''p }; GL = 
ia' + Q) 

GN = AG-/ \ p'i; &G, 

If the quadrilateral be ^v6nbyBearings,part off,by Art. (501), 
~ . ABCD, then part off - . ABCD ; &c, ; so in any similar case. 



/^ 


~~— 4. 


,J L 






^ , i: 



= Ae 



( «' + Q 
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(519) By lines perpendicular to a side. 

quadrilateral wbicli is to be divided, bj 
ailiiie perpendicular to AD, into two 
parts having a ratio = m : Ji. Ej hypo- 
thesis, ABEF = — ^— . ABCD. 



Let ABCD 1 
Fig. 387. 



r 



'Taking awaj the triangle ABG, the *" 
remainder, GBEF, will be to the rest of the figure in a known 
ratio, and the position of EF, parallel to BG-, will he found as in 
the last article. 



(550) By lines running in any given direclfoii. To divide 
a quadrilateral ABCD hito two parts :: m: n, part off from it an 




if the area parted off is to he a triangle, or Arts. (511) or (512), 
if the area parted off is to he a quadrilateral. 

(551) By lines starting from an ang:le. ABCD is to be 
divided, hy the line CE, into two ^'S- 33^- 

parts having the ratio m : n. 
Since tho area of the triangle 

CDE = — ^^ . ABCD, DE will 
m + n 

be obtained by dividing this area 

by half of the altitude CF. 

(953) By lines starting fr«in points in a side. 

required to divide ABCD into two F'S 

parts : : m : m, by a line starting from 
the point E. The area ABFE is 

known, (being = . ABCD) as 

also ABE; AB, BE, and EA be- 
ing given on the ground. BEF will then be known = ABFE — 

ABE. Then GF = jopi ^"^ ^^^ poii^*i ^ is obtained by running 

a parallel to BE, at a perpendicular distance from it = GP. 
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To divide a quadrilateral, ABCD, 
grapliically, into two equivalent parta 
by a line from a point, B, on a 
side, proceed thus. Draw the diago- 
nal CA, and from B draw a parallel 
to it, meeting DA prolonged in F. 
Mark the middle point, G, of FD. 
Join GE. From C draw a parallel to EG, meeting DA in H. EH 
is the required line. The quadrilateral could also be divided in 
any ratio = m : w, by dividing FD in that ratio. 

If the quadrilateral be given by Bearings, proceed to part off 
the desired area, as in Art, (515) or (516). 

(553) Let it he required to divide a quadrilateral, ABCD, into 
three equivalent parts. 
From any angle, aa C, 
draw CB, parallel to DA. 
Divide AD and EC, each 
into three equal parts, at 
F, F', and G, G'. Draw 
BF, BF'. From G draw 
GH, parallel to FB, and 
from & draw G'H', pa- 
rEiIlel to F'B. FH and F'H' are tlte required lines of division. 

Let it be required to make Fig. 392. 

the above division by lines 
starting from two given 
points, P and Q. Reduce 
the quadrilateral to an equi- 
valent triangle CBE, as in 
Art. (8J). Divide EB into 
three equal parts at F and 
G. Join CQ, and, from G, 
draw GK parallel to it. Join CP, and from F draw FL parallel 
to it. Join PL and QK, and they wiU be the division lines required. 

(554) By lines passing througb a point wiiliiii tbc rig:nrc. 

Proceed to part off the desired area as in Arts. (519), (520), or 
(521), according to the circumstances of the case. 
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DIVISION OF POLYGONS. 
(555) By lines rimninff iu any direction. Let AECDEFG h 
a given polygon, and BH the di- 
rection parallel to which is to be 
drawn a lino PQ, dividing the 
polygon into two parts in any de- 
sired ratio -— m : n. Tho area 



PCDEQ = - 



. ABCDEFG. 




Taking it from the area BCDEH, 

the remainder will be the area 

BPQH. The quadrilateral 

BCEH, CE bemg supposed to be drawn, can then he divided by 

the method of Art. (548), into two parts, EPQH and PQEC, 

having to each other a known relation. 

If DK were the ^ven direction, at right angles to the former, 
the position of a dividing line RS could he similarly obtained. 



(556) By lilies startii^ from an angle. Produce one si 

Fig, 394. 



3,AE, 




of 6he given polygon, both ways, and reduce the polygon to a single 
equivalent triangle, XY2, by the method of Art. (82). Then 
divide the base, XY, in the required ratio, as at W, and draw 
ZW, which will be the division Ime deaired. In this figure the 
polygon is divided into two equivalent parts. 
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If the dirisioa line should pasa outside of the polygon, as does 
ZP, through P draw a parallel to BZ, meeting the adjacent side 
of the polygon in Q, and ZQ will be the division line desired. 

(557) By lines starting from a point on a side. See Articles 
(617) and (518) in the preceding chapter. 

(558) By lines passing tbrongh a point witliiii tAe figure* 

Part off, as in Arts. (519) or (522) in the preceding chapter, 
if a straight line be reqiured ; or by guess lines and the addition 
of triangles, as in Art. (538) of thia chapter, if the lines have 
merely to start from the point, such as a spring or well, 

(659) Oilier probiems. The followmg is from Gummere's Sur- 
veying. Question. A tract of land is Fig. 395. 
bounded thus : N. SS^o E., 23.00 ; N. 
751° E., 30.50 ; S. 3i<= E., 46.49 ; N. 
66p W., 49.64. It ia to be divided mto 
four equivalent parts by two straight lines, 
one of which is to run parallel to the third 
side ; required the distance of the parallel 
division line from the first comer, mea- 
sured on the fourth side ; also the Bearing 
of the other division line, and its distance from the same corner 
measured on the first side. Ans. Distance of the pai-allel divi- 
sion line from the first corner, 32.50 ; the Bearing of the other, 
S. 88'^ 22' E.; and its distance from the same comer 5.99. 

The scale of the figure is 40 chains to 1 inch = 1 : 31680. 




An indefiiute number of problems on this subject might be pro- 
posed, but they would be matters of curiosity rather than of utility, 
and exercises in Geometry and Trigonometry rather than in Sur- 
veying ; and the youngest student will find his life too short for 
even the hastiest survey of merely the moat fruitful parts of the 
boundless field of Mathematics. 
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THE PUBLIC LANDS 
OF THE UNITED STATES.* 

(560) ftejieral system. The Public Lands of the United States 
of America are generally divided and laid out into squares, the 
sides of ivhich run truly North and South, or East and West. 

This is effected by means of Meridian lines and Parallels of Lati- 
tude, established six miles apart The ] r'l c'pal meridians and base 
lines are established astronomically a 1 tl e intermediate ones are 
nm with chain and compass. T! e "{{ lares th is formed are called 
TowSBHiPS. They contain 36 square nules oi 23040 acres, "as 
nearly as may be." The map on the ojposite page represents a 
portion of the Territory of Oregon thub laid out. The scale is 10 
miles to 1 inch = 1 : 683600. On it iivill be seen the "Willamette 
Meridian," running truly North and South, and a "Base line," 
which is a " Parallel of Latitude," running truly East and West. 
Parallel to these, and six nules from them, arc other lines, forming 
Townships. All the Townships, situated North or South of each 
other, form a Ransb. The Kanges are named by their number 
East or West of the principal Meridian. In the figure are seen 
three Ranges East and West of the Willamette Meridian. They are 
noted as E. I. E., R. I. W., &c. The Townships in each Range 
are named by their number North or South of the Base line. In 

* The substance of this Part is mainly taken from " lusti'uctioua to the Snirevoi- 
General of Oi'ceon, being a Manual tor Field Operations," prepared, in IVIaTOli, 
1851, by John M. Moore, " Principal Clerk of Surveys," by direction of Hon. 
J. Butlerfield, " Commissioner of tlie General Land Office," and communicated to 
the author by Hon. John Wilson, the present Oomniiasioner. The aim of tho 
" InstiiicMions" is stated lo be " aimplici^, unifomiity and permnnency." They 

_3__._3 r — I. '-=--tB, and the lasting importance of the anbject 

_._ _ _ _. . __ _ prod ncB about half of them in this place. 

They were subsequently directed to be adopted for the Surveying service iu 
Minnesota and Oolifomia. 
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the figure along the principal Meridian are seen four North 
and five South of the Base line. They are noted as T. 1 N., 
T. 2 N., T. 1 S., &c.* 

Each Township ia divided into 36 Sec- ;f^ 

TIONS, each 1 mile square, and therefore 
containing, " as nearly as may he," 640 
acres. The sections in each Township are 
numbered, as in the margin, from 1 to 36, 
be^ning at the North-east angle of the 
Township, and gomg West from 1 to 6, 
then East from Y to 12, and so on alter- 
nately to Section 36, which will be in the South-east angle of the 
Township. The Sections are sub-divided into Quarter-sections, 
half-armile square, and containing 160 acres, and sometimes into half- 
quarter-sections of 80 acres, and quarter-quarter-sectiona of 40 acrea. 

By this beautifiil system, the smallest subdivision of land can be 
at once designated ; such as the North-east quarter of Section 31, 
in Township two South, in range two East of Willamett« Meridian. 
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(361) DifficaUy. " The lam requires that the lines of the 
public surveys shall be governed by the true meridian, and that 
the townships shall be six miles square, — two things involving in 
connection a mathematical impossibility — for, strictly to conform 
to the meridian, necessarily throws the township out of square, by 
reason of the convergence of meridians; hence, adhering to the 
true meridian renders it necessary to depart from the strict require- 
ments of law as respects the precise area of townships, and the 
subdivisional parts thereof, the township assuming something of a 
trapezoidal form, which inequality developes itself, more and more 
as such, the higher the latitude of the surveys. In view of these 
circumstances, the law provides that the sections of a mile, square 
shall contain the quantity of 640 SlCKS, as nearly as may he; and, 
moreover, provides that ' In all cases where the exterior Imea of 
the townships, thus to be subdivided into sections or half-sections, 
shall exceed, or shall not extend, six miles, the excess or deficiency 
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Hosted by 



Google 



PAST XII.] Difficulty. 366 

shall be specially noted, and added to or deducted from the ivestem 
or northern ranges of sections or half-scction8 in auoh township, 
according as the error may be in running the lines from east to 
west, or from south to north.' " 

" In order to throw the excesses or deficiencies, as the case may 
be, on the Tiwih and on the west sides of a township, according to 
law, it is necessary to survey the seetion lines from south to north 
on a true meridian, leaving the result in the northern Hne of tbe 
township to be governed by the convexity of the earth and the 
convergency of meridians." 

Thus, suppose the land to be surveyed lies between 46'^ and 47° 
of North Latitude. The length of a degree of Longitude in Lat. 
46'= N. is taken as 48.0705 statute miles, and in Lat. 47° N. as 
47.1944. The difference, or convergency per square degree = 
0.8761 = 70.08 chains. The convergency per Range (8 per 
degree of Longitude) equals one-eighth of this, or 8,76 chains; 
and per Township (11^ per degree of Latitude) equals the above 
divided by llj, i, e. 0,76 chain. We therefore know that the 
width of the Townships along their Northern line is 76 links less 
than on their Southern line. , The townships North of the base line 
therefore become narrower and narrower than the six mile width 
with which they start, by that amount ; and those South of it aa 
much wider than six miles. 

" Standard Paeallels (usually called correction lines'), are 
established at stated intervals (24 or 30 miles) to provide for or 
counteract the error that otherwise would result from the conver- 
gency of meridians ; and, because the public surveys have to be 
governed by the true meridian, guch lines serve also to arrest error 
arising from inaccuracies in measurements. Such lines, when lying 
north of the pi nc f al base themselves constitute a hose to the sur^ 
veys on the i oitl of tl em and where lying south of the prin- 
cipal base, they const t te tl e base for the surveys south of them," 

The convergency or d ve gency above noticed is taken up on 
these Correction hnes from which the townships start again with 
their proper widths. On these therefore there are found Double 
Comers, both for Townships and Sections, one set being the 
Closing Comers of the surveys ending there, and the other set 
being the Standard Comers for the surveys starting there. 
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(562) Rnnnlng Tonosbip lines. " The principal meridian, the 
baae hne, and the standard parallels having been first astronomi- 
cally ran, measured, and marked, according to instructions, on true 
meridians, and true parallels of latitude, the process of running, 
measuring, and marking the exterior lines of townships will ho as 
follows. 

Toionshi^s situated north of the hose line, and west of ike 
principal meridian.' Commence at No. 1, being the southwest 
corner of T. 1 N.— R. 1 W., aa established on the base line; 
thence run norths onji true meridian, line, four hundred and eighty 
cbfuns, establishing the mile and half-mile comers thereon, as per 
instructions, to No. 2, (the northwest corner of the same township), 
■whereat establish the comer of I'ps. 1 and 2 N. — Es. 1 and 2 
W. ; thence east, on a random or trial line, setting temporary mile 
and half-mile stakes to No. 3, (the northeast corner of the same 
township), where measure and note the distance at which the 
line intersects the eastern boundaiy, north or south of the true 
or established comer. Rim and measure westward, on the true 
line, (taking care to note aU the land and water crossings, &c., as 
per instructions), to No. 4, which is identical with No. 2, establish- 
ing the mile and half-mile permaneht corners on said hue, the 
last half-mile of which will fall short of being forty chiuns, by about 
the amount of the calculated convergency per township, 76 links 
in the case above supposed. Should it ever happen, however, that 
such random line materially falU short, or overruns in length, or 
intersects the eastern boundary of the township at any considerable 
distance from the true comer thereon, (either of which would indi- 
cate an important error in the surveying), the lines must be retraced, 
even if found neoe^ary to remeasure the meridional boundaries of 
the township (especiafly the western boundary), so as to discover 
and correct the error ; in doing which, the true corners must be 
established and marked, and the false ones destroyed and oblite- 
rated, to prevent confusion in future ; and all the facts must be 
distinctly set forth in the notes. Thence proceed in a similar 
manner north, from No. 4 to No. 5, (the N. W. comer of T. 2 N. 
— R. 1 W.), east from No. 5 to No. 6, (the N, E, comer of the 
same township), west from No. 6 to No. 7, (the same as No. 6), 
north from No. 7 to No. «, (the N. W. corner of T. 3 N., R. 1 W.), 
east from No. 8 to No. 9, (thoN. E. corner of same township), and 
thence west to No. 10, (the same as No. 8), or the southwest comer 
T. 4 N. — U. 1 W. Thence north, still on a true meridian line, 
establishing the mile and haif-mole comers, until reaching the 
STANDARD PARALLEL or Correction line, (which is here four town- 
townships, wilii the uumbers 
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ships north of the base line); throwing the excess over, or dcficiemy 
nnder, four hundred and eighty chains, on the last hall-mile, 
according to law, and at the intersection establishing the " closing 
COBNBE," the distance of which from the stajidai'd corner must be 
measured and noted as required by the instructions. But should 
, it ever so happen that some impassable barrier will have prevented 
or delayed the extension of the standard parallel along and above 
the field of present survey, then the surveyor will plant, in place, 
the corner for the township, subject to correction thereafter, should 
such parallel be extended. 

Townships sHuated worth of the base line, and bast of the 
prinoipai meridian. Commence at No, 1, being the southeast 
comer of T. 1 N. — R. 1 E., and proceed as with townships situa- 
ted " north and west," excepi that the random or trial lines will be 
run and measured west, and the true lines, east, throwing the 
excess over or deficiency under four hundred and eighty chains on 
the west end of the line, as required by law ; wherefore, the sur- 
veyor will commence his measurement with the length of the defi- 
cient or excessive half-section boundary on the west of the town- 
ship, and thus the remaining measurements will all be even miles 
and half-miles. 

Townships situated SOUTH of the base line, and west of the 
ptincipat meridimt. Conunence at No. 1, tlie northwest comer 
of township 1 S., range 1 W', and proceed due south in nmning 
and measuring Ime, establishmg and marking the mile, half-mile, 
and township cornei's thereon, precisely in the method prescribed 
for running north and west, with the exception that, in order 
to throw the excess or deficiency (over or under four hundred and 
eighty chains) of the western boundaries of such of those townships 
as close on the standard parallel on the south, upon the most 
northern iialf-mile of the townships, according to law, the proceed- 
ing will be as follows. 

The western (meridional) boundary line of every township, 
eloping on the standard parallel^ (being every ffUi one in this 
ease), will be carefully ran south, on a true meridian, until it inter- 
sects the standard, planting stakes and making distinctive marks 
on Ime trees, in sufficient number to serve as guides in afterwards 
retracing the line north with ease and certainty. At the point of 
the line's intersection of the standard, the surveyor will establish 
the •' closing" (southwest) comer of the township, noting in his 
field-hook its distance and direction from the " standard comer." 
Then starting from such " closing comer," he will proceed north 
on the fine identified by the guide stakes and marks, measuring 
such line, and establishing thereon the mile and half-mile stations, 
and noting, as he goes, all the land and water crossuigs, &c. 
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Townships situated sodtu of the b ise hm , Mid EAST of the 
principal merifMan. Commence at No 1, it the noitheist cornei 
of towiwlup 1 S., range 1 E,, and proceed pieciaely aa with the 
towiislups situated "south and west, except tliat the random 
Une3 will be run and measured west, and the true Imea east, the 
deficiency or excess of the measurements heing, at, in all othei 
cases, thrown upon the most western half mile of bne ' 

(3«3) Ruuull^ Sectiou Hues. The mtoini ir tectunal lines 
of all townships, however situated in refeience to the BAfeB and 
Meridian lines, are laid off and survoju.! js below. 
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In the above Diagram, the squares and large figures repre- 
sent sections, and the small figures at their comera are those 
referred to in the following directions. 

" Commence at No. 1, (see small figures on diagram), the cor- 
ner established on the township boundary for sections 1, 2, 35, and 
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36 ; thence run north on a true meridian ; at 40 chains setting 
the half-mile or quarter-section post, and at 80 chains (No. 2) 
establishing and marking the comer of sections 25. 26, 35, and 36. 
Thence east, on a random line, to No. 8, setting the temporarj' 
quarter-section post at 40 chains, noting the measurement to No. 3, 
and the measured distance of the random's interaecfcion north or 
south of the true or' estahUshed comer of sections 25, 36, 30, and 
31, on tiie township boundary. Thence correcty west, on the true 
line to No. 4, setting the quarter-section post on this line exactly 
at the_ejiti(fe'sfo!M( ^oint^ now known, between the section comers 
indicated by the small figures Nos. 3 and 4. Proceed, in like 
manner, from No. 4 to No. 5, 5 to 6, 6 to 7, and so on to No. 16, 
the corner to sections 1, 2, ll, and 12. Thence north, on a ran- 
dom line, to No. 17, setting a temporary quarter-section post at. 40 
chains, noting the length of the whole line, and the measured dis- 
tance of the random's intersection east or west of the true comer 
of sections 1, 2, 85, and 36, established on the township boundary ; 
thence southwardly from the latter, on a Jrue.line., noting the 
course and distance to No. 18, the established comer to sections 
1, 2, 11, and 12, taking care to establish the quarter-section 
comer on the true line, at the distance of 40 chains from said sec- 
tion corner j so as to throw the e^cesB or defioi&Rey on the northern 
half-mile, according to law. Proceed in like manner through all 
the interrening tiers of sections to No. 73, the comer to sections 
31, 32, 5, and 6 ; thenbe north, _oa a. true meridian hne, to .No. 
74, establishing the quarter-section corner at 40 chains, and at 80 
chains the comer to sections 29, 30, 31, and 32 ; thence east, on 
a random line to No. 75, setting a temporary quai'ter-seotion post 
at 40 chfuns, noting the measurement to No. 75, and the distance 
of the random's intersection north or sovik of the established comer 
of sections 28, 29, 32, and 33 ; thence west from said comer, on 
the true line, setting the quarter-section pest at the equidistant 
point, to No. 76, which is identical with 74 ; thence west, on a 
random line, to No, 77, setting a temporary quarter-section post 
at 40 chains, noting the measurement to No. 77, and the d^tance 
of the random's intersection with the western boundary, north or 
south of the established comer of sections 25, 36, 30, and 31 ; and 
from No. 77, correct, eastward, on the true line, giving its course, 
bat establishing the quarter-section post, on this line, so as to 
retain the dbtance of 40 chains from the comer of sections 29, 
30, 31, and 32 ; thereby throwing the excess or defietencg of mea- 
surement on tlie most western half-mile. Proceed north, in a ami- 
lar manner, from No. 78 to 79, 79 to 80, 80 to 81, and i 
96, the south-east corner of section 6, where having e "" 
comer for sections, 5, 6, 7, and 8, run thence, succ 
24 
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random line east to 95, nori^ to 97, and v}est to 99 ; and by 
reverse courses correct on true lines bach to said south-east corner 
of section 6, establishing the quartei^eetion comers, and noting 
the courses, distances, &c., as before described. 

In townships contiguous to standard parallels, the above method 
will be varied aa followa. In every township SODTH of the princi- 
pal base ime, which closes on a standard pai'allel, the surveyor will 
begin at the south-east c'omer of the township, and measm-e west on 
the standard, establishing thereon the mile and half-mile comers, 
and noting their distances from the pre-established corners. He 
then will proceed to subdivide, as directed under the above head. 

In the townships north of the principal base Ijne, which close 
on the standard parallel, the sectional lines Toasi be closed on the 
standard by true meridians, instead of by course lines, as directed 
under the above head for townships otherwise situated ; and the 
connexions of the closing comers with the pre-established standard 
comers are to be ascertained and noted. Such procedure does 
away with any nece^ity for running the randoms. But in case 
he is unable to close the lines on account of the standard not hav- 
ing been run, from some inevitable necessity, aa heretofore men- 
tiond, he will plant a teymorary stake, or mound, at the end of the 
sixth mile, thus leaving the lines and their connexions to be finished, 
and the permanent comers to be planted, at such time as the 
d shall be extended." 



(564) Exceptional methods. Departures from the general sys- 
tem of subdividing public lands have been authorized by law in 
certain cases, particularly on water-fronts. 

Thus, an act of Congress, March 3, 1811, authorized the sur- 
veyors of Louaiana, " in surveying and dividing such of the pub- 
lic lands in the said territory, which are or may be authorized 
to be surveyed and divided, as are adjacent to any river, lake, 
creek, bayou, or water course, to lay out the same into tracts, as 
far as practicable, of fifty-eight poles in front, and four hundred 
and sixty-five poles in depth, of such shape, and bounded by such 
lines, as the nature of the country will render practicable and moat 
convenient." Another act, of May 24, 1824, authorizes lands 
similarly situated " to be surveyed in tracts of two acres in width, 
fronting on any river, bayou, lake, or water coui-se, and running 
back the depth of forty acres ; which traets of land, so surveyed, 
shall be ofibred for sale entire, instead of in half-quart«r-sections." 

The "Instructions" from which we have quoted say, "In those 
localities where it would best subserve the interests of the people 
to have fronts on the navigable streains, and to run back into the 
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uplands for quantity and timber, tke principles of Uie act of May 
24th, 1824, may be adopted, and you are authorized to enlarge the 
quantity, ao as to embrace four acres front by forty in depth, form- 
ing tracts of one hundred and sixty acres. But in so doing it is 
designed only to survey the lines between every four lots, (or 640 
acres), bub to establbh the boundary posts, or mounds, in front 
and in rear, at the distances requisite to seem'e the quantity of 160 
acres to each lot, either rectangularly, when practicable, or at 
oblique angles, when otherwise. The angle is not important, so 
that the principle be maintiuned, as far as practicable, of making 
the work to square in the rear with the regular sectioning. 

The numbering of all anomalous lots will commence wiUi No. 37, 
lO avoid the possibility of conflict with the numbering of the regular 



The act of Sept. 27, 1850, authorized the Department, should 
it deem expedient, to cause the Oregon surveys to be executed 
according to the principles of what is called the "Geodetic Method." 
The complete adoption of this has not been thought to be 
expedient ; but " it was deemed useful to institute on the principal 
base and meridian lines of the public surveys in Oregon, ordered 
to be established by the act referred to, a system of triangulations 
from the recognized legal stations, to all prominent objects within 
the range of the theodolite ; by means of which the relative dis- 
tances of such objects, in respect to those main lines, and also to 
each other, might be observed, calculated, and protracted, with 
the view of contributing to the knowledge of the topography of the 
country in advance of the progressing linear surveys, and to obtain 
the elements for estimating areas of valleys Intervening between 
the spurs of the mountains." 

" Meandering" is a name ^ven to the usual mode of surveying 
with the cotapass, particularly as applied to navigable streams. 
The "Instructions" for this are, in part, as follows. 

" Both banks of navigable rivers are to be meandered by taking 
the courses and distances of their sinuosities, and the same are to 
be entered in the 'Meander field-boob.' At those points where 
either the township or section lines intersect the banks of a navi- 
gable stream, posts, or, where necessary, mounds of earth or stone, 
(as noted in Art. (586,)) are to be estabhshed at the time of 
running these lines. These are called " meander corners ;" and 
in meandering you are to commence at one of those comers on the 
township line, coursing the banks, and measuring the distance of 
each course from your commencing corner to the next ' meander 
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comer,' upon the same or another boundary of the same township ; 
carefully noting your intersection with all intermediate meander 
comers. By the same method you are to meander tho opposite 
bank of tho same river. 

The crossing distance between the meander cobnees, on same 
line, is to be ascertained by triangulation, in order that the river 
may be protracted with entire accuracy. The particulars to be 
given in the field-notes. 

The courses and distances on meandered navigable streams, 
govern the calculations wherefrom are ascertained the true areas 
of the tracts of land (sections, quarter sections, 4c,) known to the 
law a& fractional, and bounding on such streams." 

Yott are also to meander, in manner aforesaid, all lakes and 
of the area of twenty-five acres and upwards; also 



The precise relative position of islands, in a township made 
fractional by the river in which the same are situated, is to be 
determined trigonometrically. Sighting to a flag or other fixed 
object on the island, from a special and carefully measured base 
line, connected with the surveyed lines, on or near the river bank, 
you are to form connexion between the meander corners on the 
river to points corresponding thereto, in direct line, on the bank 
of the island, and there establish the proper meander comers, and 
calculate the distance across." 

(565) IHarkil^ Lines. "All lines on which are to be estab- 
lished the legal corner boundaries, are to bo marked after this 
method, viz: Those trees which may intercept your hne, must 
have two chops or notches cut on each side of them without any 
other marks whatever. These are called ' Bight trees,^ or ' line trees' 

A sufficient number of other tVees standing nearest to your line, 
on either side of it, are to be hlazed on two sides, diagonally or 
quartering towards the line, in order to render the line conspicu- 
ous, and readily to be traced, the blaaes to be opposite ea«h other, 
coinciding m direction with the line where the trees stand very 
near it, and to approach nearer each other, the further the line 
passes from the blazed trees. Due care must ever be taken to 
■ have the lines so well marked as to be readily followed." 

(566) niarkiu^ Corners. " After a true coursing, and most 
exact measurements, the corner boundary is the consummation of 
the work, for which all the previous pains and expenditure have 
been incurred. A boundary comer, in a timbered country, is to 
be a tree, if one be found at the precise spot ; and if not, a fost is 
to be planted thereat ; and the position of the comer post is to he 
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indicated by trees adjacent, (called Bearing trees) the angular 
bearings and distances of which from the comer are facts to be 
ascertained and registered in your field book. 

In a region where stone abounds, the comer boundary will be a 
small ?nonttmmt of stones along side of a single marked stone, for 
a township comer — and a single sto^ne for all other corners. 

In a region where timber is not near, nor stone, the comer will 
be a mound of earth, of prescribed size, vai'ying to suit the ease. 

Comers are to be fixed, for township boundaries at intervals of 
every six miles ; for section boundaries at intervals of every mile, 
or 80 chains ; and, for quarter section boundaries at intervals of 
every half mile, or 40 chains. 

Mbakder Corner Posts are to be planted at all those points 
where the township or section lines intersect the banks of such 
rivers, lakes, or islands, as are by law directed to be meandered," 
as explfuned in Art. (504). 

When fosis are used, their length and size must be propor- 
tioned to the importance of the corner, whether township, section, 
or quarter-section, the first being at least 24 inches above ground, 
and 3 inches square. 

Where a township post is a corner common to four townships, 

N 

it is to be set in the earth diagonally, thus: w-^E, and the cardi- 

s 
nal points of the compass are to be indicated thereon by a cross 
line, or wedge, (one-eighth of an inch deep at least), cut or sawed 
out of il« top, as in the figure. On each surface of the post is to 
be marked the number of the particular township, and its range, 
which 1% faces. Thus, if the post be a common boundary to four 
townships, say one and two, south of the base Une, of range one, 
west of the meridian ; also to townships one and two, south of the 
base line, of range two, west of the meridian, it is to he marked thus : 
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These marks arc to be distinctly ai\d neatly chiselled into the 
wood, at least the eighth of an inch deep ; and to be also marked 
with red chalk. The number of the sections which they respec- 
tively /(:ece, will also be marked on the township post. 

Section or mile posts, being comers of sections, when they are 
common to four sections, are to be set diagonally in the earth, 
(in the manner provided for to^vnship comer posts), and with a 
similar cross cut in the top, to indicate the cardinal points of the 
compass ; and on each side of the squared surfaces is to be marked 
the appropriate nwmher of the particular one of the/oitr sections, 
respectively, which such side /(ices; also on one side thereof are to 
be marked the numbers of its township and range ; and to make 
such marks yet more conspicuous, (in manner afores^d), a streak 
of red chalk is to be applied. 

In the case of an isolated township, subdivided into thirty-six 
sections, there are twenty-five interior sections, the south-west cor- 
ner boundary of each of which will be common to four sections. 
On all the extreme sides of an isolated township, the outer tiers of 
sections have comers common only to two sections tben surveyed. 
The posts, however, must be planted precisely like the former, but 
presenting two vacant surfaces to receive tiie appropriate marks 
when the adjacent survey may be made. 

A quarter-section or half-mile post is to have no other mark on 
it than ^ S., to indicate what it stands for. 

Township comer posts are to be notched with six notches on 
each of the four angles of the squared part set to the cardmal 
points. 

AH mile posts on township lines must have as many notches on 
them, on two opposite angles thereof, as they are miles distani 
from the township corners, respectively. Each of the posts at the 
corners of sections in the interior of a township must indicate, by 
a number of notches on eaoh of its four corners directed to the 
cardinal points, the corresponding number of miles that it stands 
from the outlines of the township. The four sides of the post will 
indicate the number of the section they respectively /flce. Should 
a tree be found at the place of any comer, it wili be marked and 
notched, as aforesaid, and answer for the corner in lieu of a post; 
the kind of tree and its diamet-er bebg given in the field-notes. 

The position of all comer posts, or comer trees of whatever 
description, which may be established, is to be perpetuated in the 
foUoAving manner, viz : IVom such post or tree the courses shall be 
taken, and the distances measured, to twu or more adjacent trees, 
in opposite directions, as nearly as may be, which are called 
'Bearing trees,' and are to be blaaed near the ground, with a large 
blaze facmgthe post, and having one notch in it, neatiy and plainly 
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made with an axe, square a«roas, and a little below the middle ot 
the blaae. The kind of tree and the diamuter of each arc facts to 
be distinctly set forth in the field-book. 

On each bearing tree the letters B. T., must be distinctly cut 
into the wood, in the blaae, a little above the notch, or on the bark, 
with the number of the range, township, and section. 

At all township coraera, and at ail section corners, on range or 
township lines, four beajing trees are to be marked in this manner, 
one in each of the adjoining sections. 

At interior section comers four trees, one to stand within each 
of the four sections to which such comer is common, ai'e to be 
marked in manner aforesaid, if such be found. 

From quarter section and meander comers two bearing trees 
are to be marked, one within each of the adjoining sections. 

Stones at township corners (a small monument of stones being 
alongside thereof) must have six notches cat with a pick or chisel 
on each edge or side towards the cardinal points ; and where used 
as section comers on the range and township hues, or as section 
comers in the interior of a township, they will also he notched by 
a pick or chisel, to correspond with the directions given for notch- 
ing posts similai'ly situated. 

Stones, when used as quarfct'.--i„Jtlon comers, will have \ cut 
on them ; on the west side on north and south lines, and on the 
north aide on east and west lines. 

Whenever bearing trees are not found, mounds of eartii, or 
stone, are to be raised around "posts on which the comers are to 
be marked in the manner aforesiud. Wherever a mound of earth 
is adopted, the same will present a conical shape ; hut at ita base, 
on the earth's surface, a quadrangular trmeh will be dug ; a spade 
deep of earth being tlirown up from the four aides of the line, out- 
side the trench, so as to form a oonHnumis ehvabion along its outer 
edge. In mounds of eai-th, common to/owr townships or to four 
sections, they will present the angles of the quadrangular trench 
(diagonally') towards the cardinal points. In mounds common 
only to two townships or too sections, the sides of the quadrangular 
trench will /ace the cardinal points. 

Prior to piUng up the earth to constract a mound, in a caviig 
formed at the comer boundary point is to be deposited a stone, or 
a portion of charcoal, or a charred stake is to be driven twelve 
inches down into sueh centre point, to be a mtness for the future. 

The surveyor is farther specially enjoined to plant midway 
between each pit and the trench, seeds of some tree, those of fruit 
trees adapted to the climate being always to be preferred. 

Double corners are to be found nowhere except on the Standard 
Parallels or Correction lines, whereon are to appear both the cor- 
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nei^ which mark the intersections of the lines which close thereon, 
and those from which the surveys start in the opposite direction. 

The corners which are established on the standard parallel, at 
the time of running it, are to be known aa ' Standard Comers,' 
and, ia addition to all the ordiriary marks, (as herein prescribed), 
they will be marked with the letters S. C. The ' dosing comers' 
will be marked C. C." 

(5fii) Field BookSi There should be several distinct and sepa- 
rate field-books ; viz. : 

" 1. Piold-notes of the meridian and base lines, shomng the 
establishment of the to-wTtsMp, section or mile, and quarter-seetion 
or half-mile, boundary corners thereon ; with the crossings of 
streams, ravines, hills, and mountains ; character of soil, timber, 
minerals, &c. These notes will be arranged, in series, by mile 
stations, from number one to number . 

2, Field-notes of the ' standard parallels, or correction 
lines,' showing the establislunent of the township, section, and 
quarter-section comers, besides exhibiting the topography of the 
country on line, as required on the base and meridian lines. 

3, Field-notes of the exterior lines of townships, showing the 
establishment of the corners on line, and the topography, as aforesaid. 

4. Field notes of the sdbdivisions of townships into sections 
and quartei^seelions ; at the close whereof wil! follow the notes of 
the MEAHDBRS of navigable streams. These notes will also show, 
by ocular observation, the estimated rise and fall of the land on 
the line, A descriplion of the timber, undergrowth, surface, soil, 
and minerals, upon each section line, is to follow the notes thereof, 
and not to be mixed up with them." 

5. The " Geodelic Field-book," comprising all triangulations, 
angles of elevation and depression, levelling, &c. 

The examples on the next two pages, taken from the " Instrut;- 
tions" which we have followed throughout, will shew what ia 
required. 

The ascents and descents are recorded in the right-hand columns. 



Hosted by 



Google 



Field-Notes. 

FIELD NOTES OP 

THE EXTERIOR LIHES 

OF AH ISOLATED TOWNSUir. 



meld nulea of Ike Survey of towiiahip 25 Korlh. of range 2 wesi, of the WHIajnelU 
mendian, m the Terrilory of OaEBOn , by Robert Acres, d^uiy surveyor, under kis 
' ft No. I, bearing date the 2d day of Jaiiuffn/, 1S51. 



7, 


Cha. Ika, 




Feet. 


1 




FowNSHiP LINES commeiioed January 20, 1851. 
Soathern boundarj variation 18° 41' E. 










1 


Bast 


On a random line on the soulh boundariea of aectiaiis 31, 32, 








33, 34, 35, and 36. Set tcmponiiy mile and half-mile peals, 
and iiitei-sected llie eastern boundaiy 2 chaius 20 links iioi'tli 




d 




of the true corner 5 miles 74 chains 53 links. 




i 




Therefore the cocreclion will be 5 chains 47 links W. 37.1 






links 8. per mile. 




1 


TuuE soOTHERN BoUHDAKT Variation 18" 41' B. 






West 


Oq the aontheru boundary of see. 36. Jan. 24, 1851. 






40.00 


Set qi'. sec. post from which 


a 10 


i 




a beech 24 iu. dia. beai's N. 11 B. 38 Iks. dist. 






a do do do S. 9E. 17 do 




6S.50 


a bcook 8 L wide, course NW. 


d 10 


s 


80-00 


Set post cor. of sees. 35 & 36, 1 &S, from which 

aWeh 9 in. dia. bears S. 46 B. 8 1. disC. 




1 










a do 8 do do S. 63 W. 7 do 




1 




nW. onhIO do do N. 19 W. 14 do 






a B. oak 14 do do N. 29 E. 16 do 






West. 


jaiid level, part wet and swampy ; limber beech, cnk, aslj 
hickory, &ic. 




. 


Ou the S. boundary of sec. 35— 






40.00 


Set qr. sec. post, with trench, from which 








a beech 6 in. dia. bears N. 80 E. 3 1, dist. 








ptanled 8W. a yellow locust seed. 






65.00 
80 00 


To beginning of hill 






Set post, witTi trench, cor. of sees. 34 & 35, 2 & 3, from whici 
a beech 10 in. dia. beore S. 51 B. 13 1, dist. 


a 20 








1 




do 10 do do N. 56 W. 9 do 






planted SW. a while oak acorn. 








NE. a beech nut. 




'i 


Wesl. 


Land level, i-ich, and fmod for farming; limbei- snmc. 




a 


On the S. bonndaiy of sec. 34— 






40.00 


Set qr. sec. post, with trench, from which 
a B. oak iO in, dia. bears N. 2 B. 635 1, dist. 


a 5 


\ 




Planted SW. a beech nut. 




■ 


80.00 


To corner of sections 33, 34, 3 and 4, drove ebaired slake 
rsiscd mound with trench as per instractioiia, and 


a 10 






Planted NB. n W. onk ac'u ; NW. a yel. locust seed. 








SB. a butleruut! SW. a beech nut. 






ILaiid level, lioli and sood for fiivmiiie, BOme acatteriiia nr, 




i 




and walnut. 
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FIELD NOTES OF THE 

SUBDIVISIONAL OR SECTIONAL LINES, 

AND MEANDERS. 
Towaskip 35 iV,, Range 2 W., WUlametle Mer. 



Gommenoed Fcbrusiy 1, 18ol, 
;tweeii sees. 35 atid M— 

beech 30 iu. dia 

i beech 30 in. Jia 

aec. post, ii-om which 
3ch 15 in. dia. bears S. 48 E. 12 J. dial. 
8 do do N, 23 W, 4.^ do 
A. beech 18 iu. dia 



A sugar 3C 



r. of sf 



25, 26, 35, 30, from whicii 
beech 94 in. dia. bears H. 62 W. 17 \. liiet. 
poplar 36 do do S. 66 B. 34 do. 
do 20 do do S. 70 W. 5U do. 
beech 28 do du N. 60 E. 45 dn. 
Land level, second rate; limbei' beech, poplar 
nd'gr. apice, &c. 



1 random line between seca. 25 ai 

._ brook 30 1. wide, course N 

To foot of hill 

Set teinpoi'ary qr. sec post 

To uppogite foot of hill 

k bruofc 15 L wide, course N 

Intersect E. boundary at post 

Land level, second rate; limber, bi 



Meanders op Ohiokeblbs Rtver. 



Beginning at a meander posl in the northern township boniidaiy, and ihonc 


on 


the left bank down stream, Commeticed F(br«ary 11, 1851. 




Coavaes 


Disi. 






Cha, 11(3, 


KE MASKS. 




S.76 W 


18.-16 


[n section 4 beaviag to corner aec. i on right bank K. 70 


W. 


S. Gl W 




Searing lo cor. aec. 4 and 5, right bank N. 59" W. 








To posl in line belweeu aeclions 4 and 5, breadth of rive 


by 




10.60 






B 54 W 


In section 5. 




S. 40 W 








8.50 W 








S, 37 W 


16.50 


To upper corner of. Tohii Smith's claim, comseB. 




S, 44 W 


21.D6 






S, 36 W 


97,53 


To post in line between sectiona 5 and 8, brc^idth of rive 
triangnlnlioii 8 chains 78 links. 


by 




&c., &c., &c. 
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APPENDIX A. 



SYNOPSIS OF PLANE TRIGONOMETRY.* 

(1) Definition. Plane Trigonometrj is that branch of Maithematical 
Siaence which treats of the relations between the sidea and angles of plane trian- 
gles. It teachea how to find any three of these six parts, when tlie other three 
are given and one of them, a,t least, is a side. 

(2) Angles and Arcs. The angles of a triangle are meaavired by the 
arcs described, with any radiua, from the angnlar points as centres, and intercepted 
between the legs of the angles. These arcs are measured by comparing them iritii 
an entire circnmfereoce, daseribed with the same radina. Every circumference is 
regarded as being divided into 360 equal parts, called degreea. Each degree is di- 
vided into 60 equal parta, called mimtles, and each minnte into 60 seconds. These 
divisions are indicated bj the marlia " ' ". Thua 28 degrees, 11 minutes, and 49 
seconds, are written 28° iT 49". Fractions of a second are best expressed dem- 
ma1ly. An m'c, including a quai'ter of a circumference and measuring a right 
angle, ia therefore B0°. A aemidreumference comprises 180°. It is often repre- 
sented by ir, ■which equals 3,14169, ix., or 3^ approidmately, the radius being unity. 

The length of 1° in parts of radiHS = 0.01146399 ; that of l'=O.O0029O89; and 
Ihatof r= 0.0000048B. 

The length of the radios of a drcle in degrees, or SflOthi 
= 6T'.29678 = 57° IT 24".3 = 3437'.747 = 206294".8.t 

An arc may be regarded aa generated by a pnint, M, 
moving from an origin, A, around a drole, in the direction 
of the arrow. The point may thus describe arcs of any 
lengths, such aa AM ; AB = 90° = i n ; ABC = 180° = ir ; 
ABCD = 270° = t IT ; ABCDA = 360° = 2 n-. 

The point may stCl continue its motion, mid generate 
arcs greater tliaa a cirenmferenee, or than two circum- 
ferences, or than three ; or even infinite in length. 

WWle tlie point, M, describes these arcs, the radiua, 
OM, indefinitely produced, generates corresponding angles. 



of the 




esa).(i),(8),(6),ca),(l(l),(ll),8. 



30 )!!ven divided by tha lengtb of the s 
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If tlie point, M, ehould move from the origin, A, in tlio eontiary direction to ita 
former movement, the area generated by it are regarded aa sfgafive, or minus ; 
and flo too, of necesBity, the angles measured by the ares. 

Area and anglea may therefore Tory in length from to + la in one direction, 
and from to — co in the contrary direction. 

The Complement of nn arc is the arc which wonld remain after aubtrficling the 
arc from a quarter of the drcumferonoe, or from 90°. If tlia sre be more than W", 
lis complement is necessarily negative. 

Ilie Supplement of an are is what 'would remain after anbtracting U from half 
the rarcumference, or from 180°. If the arc be more than 180°, its supplement 
is neceasuily negative. 

(3) Trigonometrical Iiines. The relations of the sides of a ti'iangle 
to its angles are Vihat ia required ; hat it is more convenient to replace the angles 
hy arcs ; and, once more, to replace the area by certain straight Unea depending 
upoQ them, and increasing and decreasing -with them, or convereely, in anoh a way 
that the length of the lines can be Ibuod from that of the ores, and vice versa. It 
is with these lines that the aides of a triangle are compared.* These lines are 
called Triffonomelrical Idnet ; or Oircalar Fimctions, becauae their length ia a fune- 
tioa of that of the circular area. The principal Trigonometrical lines are Sines, 



Tani/enls, and Beeaais. Chords ii 

The SINE of an arc, AM; th p p d h 
MP, let lai; from one extr m y f th p 

the diameter which passes h h h th 
t m y 

Th TANGENT f ai AM, tl d t 
AT to i.t d th tang t dr w t 

it mity f th b tw th t t m 

and th I 1 g tl E th d -whi h p ai 



■e al-o uaed. 



th 



htl 



d betw 



Th &ECA&T f 
of the piolonged radius, 
eentre and the tangent. 

The sine, tangent, and t f th coic 

sniB, Co-iAKOEsi, and Co- f th t ai 

ita cotangent, and OS ita cosecant. The ooi 
radiua comprised between the centre and tl 




f an arc are called the Co- 

MQ is the coaino of AM, BS 

is oqnal to OP, the part of the 



The chord of 

The versed-si 
of the arc and the foot of the 
tweeu the radiua and the une. 

The Trigonometrioal lines I 



theai 



AM = 



^qual to twice the sine of half that arc. 

ia the distanoe, AP, comprised between the origin 
ne. It ia conaequently eqnal to the difference be- 

) usually written in an abbreviated form. Catling 



AT = tan. a. 



0T = 



D, tan., &c, bdicating abbreviation, ia frequently omitted. 
l6b, tangents, Ac, are equal to a line !=a, are written, 

tan."~'a, or arc (tan.^a) ; ttc. 
of tbia infllrect nioao nf comparing the sides and anglea of tilanglBB, sea 
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Tlie r 



(4) The lines »s ratios. 

lielween tlie trigonometrical lines and tho radios 
a th am f th am a gl numbe of 

d g n an whal th 1 ngtli f he tn- 

&a^ ar C n qn tly nd u b [y u ty, 
(h lin may b xp 's d a. mpl t ob, 
hi ngl d t an^l ABC we 




1 uldh 



BL 



PP 



AB hypotlienuee ' 

BC opposite side 

AO adjacent aide' 

, AB hypothennae 

eeo. A:=----!;^ -. . . , 'i 

AC adjacent side 

When the radius of the area which m 
be used for the lines. If the radiua be any other lengt 
been obtsined by the above eupposition, mnst be jnodifii 
trigonometrical lines in lie reault by radiuB, and thus r 
the results " horoogeneoua." The aame effeet ■woold be 
eacb term in the expceaeion by each a power of radius a 
number of iinea/ faetora equ^ to the greatest nmnber 
is uBually represented by r, or E, 



_AC__ adjacent side 
AB hypothenuse ' 

_AC __^ adjacent side 
BC opposite aide ' 

__ AB hypothenuse 

BO opposite side ' 



e tbc angles is 



nity, these rt 






I, the results which have 
id by diyiding each of the 
indaring the eq^uations of 
produced by multiplying 
t would make it contain a 
n any term. The radios 



cs around 
i, starting 



(3) Tlieir variations in lengtli. As the point M n 
the circle, and the arc thus increases, the sinas, tarigenta, and sec: 
from zero, also increase ; till, when the 

point M baa arrived at B, and the aic haa Fig.JBO. 

become 90°, the sine has beoome equal to S 
radius, or unity, and the tangent and se- 
cant have beoome mfinile The comple- 
mentary lines haTC decreased , the co- 
sine being equal to radius or unity at 
afarting and becoming zero, and the co- 
tangent and cosecant passing from infin- 
ity to zero. When the point M haa 
passed the first quadrant at B and is 
proceeding towards C, (he sines, tan- 
gents, and secants begin to decrease, till, 
when the point has reached C, they have 
the same values as at A. They then beg 
Table on page 882 indicates theae variations. 

The smes and tangents of very small area may be regarded as sensibly propor- 
tional to the area themselves ; so that for sin. a", we may write a . an. 1" ; and 
similarly, though less accurately, for sin. a', we may write o . ain. 1'. 

The Bines and tangents of very small area may similarly be regarded as sensibly 
of the same length as the arcs themselves.* 
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a being the length of any are eipi-eased in piirts of radius, tlio iHiigtlia of it; 
and cosine may be obtained by the following aeries: 



2.8 ^ 



!+.< 



Let it be required to find cos. 80°, by the above series. 

30" = ^^ = J X 8,1418 =.633e. 

Substituting tliis mimber for a, tlio aories becomes, tailing only throe terms of it, 
, (.5286)= , (,6336)' 
1 —^ + ■ ^^- -, etc = 1 - 0,137078 + 0,003130 — .886062 ; 

wMob is the correct ralue of cos. 30° foe the first four places of decimals, 

Tlie lengths of tlia other liaes can be obtained from the mutual relations given 
in Art, Ci.) Some particular valuea are given below, 

sin. 30° — i, an. 46° = is/3. sin, 60°=:iV3. 

tan. 30° = J^/3, tan. 45° = 1. tan, 60° = ^/S. 

sec 30° = i^S. sec. 45" = ^3. aec 60° = 2. 

(6) Tlicir cliangcs of sig'll. linea measured in contrary directions 
from a common origin, usually receive contrary algebraic signs. If then all the 
linea in the first quadrant are called positive, their signs will change in some of 
the other qaadrants. Thus the sinei in tlie first quadrant being all measured np- 
wai'd, when they are maasared downward, as they are in the third and fourth 
quadrants, they will be negative. The cosines in the first quadrant are meas- 
ured (lorn left to right, and when they a.re measured from right to left, as in the 
second and third quadrants, they will be negative. The tangents and secants fol- 
low similar rules. 



i in length and the changes of sign are all indicated in the follow- 
ing table, radius being unity. The terms "increasing" and " decreasing" apply to 
the lengths of the lines without any reference to their signs. 

Lengths and Signs of the Trigonometrical Lines ftir Arcsjrotn 0° to 360°. 



a™. 


0= 


Between 0° and 90= 


90O 


Between 90° and 1SCK>, 


180= 


Sine . , 







I-, and increasing, 


+1 


-I-, and decreasing, 



















Secant , . 


+1 




,, and increasmg, 


+ " 






Cosine , , 


+1 




■, and decreasing, 








Cotangent , 


±0= 




', and decreasing. 




— , and increasing. 




Cosecant , , 


± = 






+i 


+, and mcreaaing. 


±« 




A.^ 


leoo 


Between ISO" and •170°. 


27»= 


Between aroo and 360O, 


860= 


Sine , . 





-, and increasing, 


-I 




(, 


Tangent , 






±» 


— , and decreasing, 





Secant . 


-1 






+, and decreasing. 


+ 1 


Cosine. . 




— , and decreasmg, 





-f, and increaang. 




Cotangent 


IF* 


+, and deci-easing. 





— , and inoteasing, 


T» 


Cosecant . 


±« 


— , and decreasing. 




-, and increasmg. 


H^« 
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From this table, and Fig. 400, -we efe Iha 
aime sine ; and tiiat tlieir taagentB seoantB 
ieogth but of contrary signs ; while tte co 

Wb also deducts from the figule the idtlavt 


«« ojo fl«(/ i(! sajplcment have tho 
tosmes, and cotangents arc uf rqual 
ecants are the same in both length 

ingconeequences; 


tan.(«''+180°) = taii.o''. 


COS. K+180°)=~cos.«''. 
cot. («"-)- 180°) =eofeo=. 
sec. {a°+ 180°) =-cosec. a". 


Bin. (-a°)=-Bin.a''. 


COS. (-0 = 003- o°- 


U».(-a°)=-tan.a°. 


eot. {-a°)=-cot.a°. 




seo.(-0=-oo.ee.«°. 



le trignaotnetricol lines ; Sov, an are a 
i are plus two circumferences, and s<. 



An infinite number of area hays the sf 
the same are phis a ciroomference, the sai 
on, would have the same sine, ix. 

" To bring back to the first quadrant" the trigonometrical lines of any large arc, 
ptooeed thus : Let 1029" be an arc the sine of which is desired. Take from il 






The remainder will be 309°. Then we shall have 
].309°=sin.(l8O''— 809'')=sin.~12s''=-sin.I29''=-sin,(180''— 129°)=— ain.Sl". 

[7) Their mutual relatioiss. Radius being unity, 





tan. a-Xco 
l + (tan, « 


.a° = ]. (s 
°)=={seca°)^ 1 


+ (cot.a7 


Hence 
from aom 


any one of the trigonometrical lin 


es being giv 


(8) Two arcs. 

Then the following fo 


Let a and b represen 
mulns apply: 


any two 




j^ 


(a + 6) = Bin. a. COS. 
(a~6) = sin.a.cos. 


i + C03.a. 
6 -COS. a. 




z 


(a+6) = cos.«.cos. 
.(«-S)=cos.a.oos. 


6-sin. ». 
i + ein.a. 




ta 


tan.« + 


an. 6 




■*° + *' 1-tan.., 


tan. b' 




tt 


, ,^ _ tan. a — 


an. 5 




'" ' 1 + taa.o 


tan. b' 




" 




S-1 




■'" + *' cot.6 + 


Ota ■ 




cu 


-(«-*)= —-:■-- 


b + l 



* The square, Jjc, of tbo b 



5!t. &C,, tbiagli tho first 
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ii.i = i,on^(o-S)~i 


»(« + (). 


^5 = i.ooa(a + i)H-i 


m(.-J). 


».i = i.i..(. + 5) + J«i(.-S). 


n.l = i..ln.(. + S)-l 


n,.(._i). 


n.i = aam. ^(a+i)coa 


i(«-4). 


o..S = 2io,.i(. + i)o. 


i(.-5). 


n.i = S.lal(._i)co 


l(« + i). 


■.<,=S.m. i(.-6),[. 


l(.+s). 


...-•'"■c+'i. 




^j_i,i(.-l) 





(9) Double and lialf arcs. Letting a represent anj nrc, aa before, 
we liavo the following formulas ; 





i-(t«i..)> 


(■.t, .)•- 


1 cot, a - 


Un.a 


!. 


Scot a 


= l{.ot»- 


lu.a). 




i- 


= V[i(l-co 


. «)]• 






i« 


= V[«l + « 


,.<■)]. 






i. 


1 + C05, « 


sin. a 


^^(1^ 


^)' 


i. 


_^ I + C03- 0_ 


B«.. a 


-A\^'. 


^) 



(10) Trigonometrical Tables. Ta the usud titbles of the natural 
T g n m t ioal lines, th d or f nx t 4 f d t th t p f the table, 

ani t!o from 45° to 90 tU I: tt m tl 1 tt b lug mpl m ta of the 
f me C uaaquently thl hhh 6 dJ" gn t top hare 

C and Colangfiit t bott m tl cut f y ro is the 

same th n as the sine t g t f t mpl m t Tl ram f t be added 
to the degreea are fou d th 1 ft-i d col ro wb th h f degraea at 

the top of the page aj d ai d b gbt h 1 col f tl d grees when 
at the bottom of the page. The lines for arcs intermediate between those in the 
tables are found by proportion. The lines are calculated for a radina equal unity. 
Hence, the values of Iho einea and cosines aie deciujal fractiona, though the point 
is UBUallj omitted. So too are tbe tangents from 0° to 4B°, and the cotangents 
from DO" to 45°. Beyond thoao points they are integers and decimals. 

The coleulationa, like all others inyolving large nombera, are abortfined by tbe 
use of logarithms, which suhsdtute addition and subtraction for multiplication and 
diTisien ; but the young student should avoid the frequent error of regarding logs 
lithms as a necessary part of trigonometry. 
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TRIGONOMETRY. 



SOLUTION OF TRIANGLES. 



(11) Rjg'lit-angled Triangles. Let 

ABC be any right-angled triaagle, Denote the 
aides oppqaito the angles by the correaponding Email 
lettera. Then any (me side and one acuta angle, or 
any two aidea being given, the other pai-ts can be ob- 
tained bj one of the following eqnatiooa : 




Given. 


Eequirod. 


Fo™^^ 


«, 6 


c. A, B 


c =^(a= 4- 6'} ; tan. A = ^ ; cot, B =^. 


«,= 


b. A, B 


fi=v'(e'— a'); Bin. A = -; 00S.B = -. 


«,A 


b, c, B 


6 = o.cot.A; c = -T^; B = 90° — A. 


i, A 


a.0, S 


a = J.tan,A; e = — ^; 5 = 90° — A. 


c, A 


a,b, B 


o=c.ein. A; i = c cas. A; B = SO" — A. 



(13) Oblique-angled Trian- 
gles. Let ABO bo any oblique-angled 
iJ'iangle, the anglea and aides being noted 
aa in. the figure. Tlien any three of ita sis 
parts being given, and one of them being a 
aide, tbe other parte can be obtained by one 
of the following methoda, which are found- 
ed on theae three theoreina. 

Theobkk I,— /» every plane triangle, the si 
the opposite sides. 

Tbbobeic 1L — iii eawj) plan* triangle, the svm, of two sides is 
at the tangent of half (fie siem of the atigles opposite those sides is 
half their difference. 

Thsokbm IIL — M every plane triangle, the cosine of any angle is eqwal to a frac- 
tion whoie numerator is the sum of the squares of the aides adjacent to the angle, mi- 
nus (fie sqiiare of the tide opposite to the angle, and whose denominator is twice (fit 
product of the sifei a^aeent to the angle. 

All the cases for aolution which can occur, may be reduced to four. 

Case I. — Given a side and two angles. The third angle is obtained by aubtract- 
ing the aum of the two given anglea from 180". Then either unknown aide can he 
obtained by Theorem I. 

Calling the given side a, we have h^a. . ' ; and i := a -■. — 7. 



'8 of tlie angles are to each other 



O their difference 
to the tangent of 



Hosted by 



Google 



866 TRieOSOMETRY. [app. 4. 

Case 2. — Given two sidfs and an angle opposite one of them, Tho angle oppo- 
ate the other given side is found by Theorem I. The third angla ia obtained by 
subtraotiog tlio Bum of the othor two from 180". Tha remaining side is tlxen ob- 
tained by Theorem I, 

Calling til e given sides a and i, and the given angla A, wo liavo Bin. B = aia. A. — 

Since an angle and its supplement have tha earns ane, the reaulfc is ambiguous ; 
for the angle B may have either of the two aupplementary values indicated by 
tho Biuo, if 6 > 0, and A is an acute angle. 

C = 180° — (A + B). c = Bin.C-^^, 

Case 8, — Gwert Ivio ^de» and tJieir irml-uded angle. Applying Theorem II. (ob- 
tuning the sum of the anglea opposite tha given sides by subtracting the given 
included angle from 180°), wo obtain the difference of the unknown angles. Add- 
ing tbia to tbeir earn we obtain the greater angle, and subtracting it from their 
aum we get the leas. Then Tlieorem L will give the remaining side. 

Calling the given aides a and b, and the included angle C, we have 
A + B = 180'' — C. Then 



].4(A-B) = tan.i(A + B). 



a+b- 



i(A + B) + l(A--B) = A. i(A + B)-l(A-B) = B. '^^oj^- 
In the first ecjnation oot. J C may he uaed in the place of tan. i (A + B). 
Case 4. — Given the three sides. Let « represent half the sum of the three sides 
^i ("+ ^ + =)■ Then any angle, as A, may be obtained from either of the fol- 
lowing formulas, founded on Theorem IIL ; 

|- (,^6)(.-^.) -l 
be X 






The firat formula dionld be used when A < 90°, and the second when A > BO". 
The third should not be uaed when A is naai'ly 180° ; nor the fourth when- A is 
nearly 90° ; nor the fifth when A is very email. The third is ilie moat et 
when all the angles are requited. 
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APPENDIX B. 



BEMOSSTEATIOHS OF PEOBLEUS, ETC. 

Many of the probletas, Ac, contained in the preoedirg psges. require Denionstra- 
tioQS, These will be given hero, and will be deagnated by the same numbers as 
those of the Artidea to whiob they refer. 

Aa many of these Demonstrations icvolve the beautiful Theory of Transversals, 
Ac, which has not jet found its tray into cur Geometries, a coDdansed aummarj 
of its piineipal "Dieocems will first be given. 

TRANSVERSALS. 

TfiioaBM I. — If a straight Jine he drawn «o as to cut any too sides of a trianffle, 

and the third side prolonged, thus dividing them into six parts (iJie prolottged aide 

and its prolongation being two of the parts), then will the product of any three of 

(ftosB parts, mAose eaif emilies ore not eantigtious, e^ual the product of the other three 

That is, in Fig. 408, ABC being the triangle, and ^ig. *>8. 

DFtheTranflverflal, BEXADXCF=EAXDCXBF, 
To prove thjs, from B draw BGt, parallel io CA. 
From the similar triangles BEG aad AED, we have 
BG:BE;;AD: AE. From the similar triangles 
EFG and CFD, we have CD : CF : : BG : BF, 
Multiplying these proportions together, we have 
BGXCD ; BEXCF ; : ADXBG : AEXBF, Multi- 
plying ertremes aod means, and suppressing the c 
BExADxCF = EAXDCXBF. 

These six parts are sometimes said to bo in inBolulion, 
If the Transversal passes entirely oat- 
side of the triangle, and cuts the prolonga- 
tions of all three sides, as in Fig. 40i, the 
theorem still holds good. The same dem- 
onstration applies without any change.* 

Theoeem II.— Conversely : If three poinis 
be taken on ttim sides of a triangle, and on 
the third side prolonged, or on the prolon- 
gations of the three sides, dividing them 
into aix parl^ such that the product of 
three non-consecutive part) equals the prod- 
net of the other three parts ; then will these three paints lie in the saTne straight li 
This Theorem is proved by a Reduetio ad absurdum. 




a. factor BG, v 







to polygons. 
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888 TKANSVEUSALS. 

TheOMM IlL — If from, the srnnmUs of a triangle, lines 
be dravm, to a point siiiuilal either vnthin or wiiliout the 
triangle, and prolonged to «ieet Ike siJe! of the triangle, 
or their prolongationt, thita dividing iAem into six parte; 
then mii the product of any th-ee non-eonaeeatiiie parts be 
equal to the product of the other three parts. 
That ia, in Pig. 405, or Fig. 406, 

AExBFxCD = EBxrC Xl 

For, tbB triangle ABF being cnt by 

the fcranaveraal EC, gives the relation 

(Theorem!.), 

AE X BC X FP = EE X FC X PA. 

The triangle ACF, bemg cut by the 

DC X FB X PA = AD X CB X FP. 

Multiplying these equaUons together, 
ani! suppressing the common factors 
PA, CB, end FP, wo have AE X BF X CD =!E 




; X FO X DA 



Theokku IV. — Converaelj ; If three poinfs are silwaied on the three sides of a tri- 
angle, or on their prolongations {either one, or three, of these points being on the sides), 
so that they divide these lines in suck a way that the product of any three noit-con- 
secntive parts equals the product of the otiier three parts, tJien will lines drawn from 
these points to the opposite angles meet in the samepotTtt. 

Thia Theorem can be demonstrated by a Redvetio ad absurdwn. 



Cott. 1. — The MEDIANS of a tiiangle (i. e,, the lines drawn from ite sntnmits to 
the middles of the opposite sides) meet in llie samepoint. 

For, Buppoaing, in Fig. 406, the points D, E, and F to be the middles of the sides, 
the products of the non-oonseontive pacts will be equal, L e., AE X BF X CD = 
DAXEBxFC;Biao6AE = EB, BF = FO, OD=^DA. Then Theorem IV. applies. 

Cor. i.—The BISSECTRICES of a triangle (i. e., t!ie lines bisecting its angles) 
meet in the same point. 

For,, in Fig, 40S, supposing the lines AF, BD, CE to be Biaaeotriees, we have 
(LegendcelV. 11): 

BF : FO : ; AB : AC, 1 j BF X AC — FC X AB, 

CD:DA::BO:BA, [-whenoe] CDxBA = DAXBO, 
AE:1B::CA:CB. ) ( AE X C» = KB X GA. 

Multipljing. these equatiooa together, and omitting the common factors, we have 
BF X CD X AE = FO X DA X EB. Then Theorem IV. applies. 
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App. J).] TRANSVERSALS. 389 

OoH, S.—The ALTITUDES of a triangle (i. e., the lines drawn fram its auramits 
perpendicnlar to the opposite eides) meet in the same point. 

For, in Fig. 405, supposing the lines AF, BD, and CE, to be Altitudes, we Lave 
three pdrs of aimflar triaugles, BCD and FCA, CAE and DAE, ABF and EBC, by 
comparing wliicli we obtaiu relations from which it is easy to deduce EFxCDxAE 
= EB XFC X DA ; and then Theorem IV. agaiu applies, 

Coa, i.—If, in Mg. 405, or Fig. 408, the point F he taken in the middle of BC, 
then will the line ED he parallel to BO. 

For, since BF = FO, the equation of Theorem IK reduces to AE XCD=EB X DA ; 
whence AE : EB ; : AD : DC ; coneequently ED ie pardlel to BC. 
Coa. 6.— Conversely ; .^^ ED ie parallel lo BC, then is BF = FC. 
For, since AE : EB : ; AD : DC, we have AE X DC = BB X AD ; wlienco, in the 
equation of Theorem HI., we must have BF — FO. 
CoK. 6. — Froni the preceding Corollary, we derive the following : 
^ two sidti of a triangle are divided proportionally, p,g^ ^jj 

starling from ike satne summit, as A, and Unex are drawn 
from the extremities of Ihs third aide to the pmata of dim- 
lioa, the intersections of the corresponding lines mil all lie 
in the tame straight line joininff ilte summit A, and the 
middle of the bate. 

Ooa. 1. — A particular ease of the preceding corollary 

Ri any trapezoid, the straight line lohiehjiHns the inter- 
eediort of the diagon<Us and the point of meeting of the non-parallel sides prodiieed, 
posset thro'ogh tite middle of the tvio parallel bases. 

Cob. 8. — ^ the three lines drawn through the corresponding smamiti of two trian- 
gles cut each other in the same point, then the three points in which tlie corresponding 
sides, prodaeed if tieeessary, mil meet, are situated in the same straight line. 
This corollary may be otiierwise enunciated, thus : 

If two triangles haee their summits situated, two ami two, on three lines which 
meet in the same point, then, itc. 

This is proved by obtaining by Theorem I. three equations, which, being multi- 
plied together, and the six common factors cancelled, give an equatioa to whieh 
Theorem 11. apphea 

Triangles thus situated arc called homologie ; the common poiot of meedog of 
the lines passing through their sumniits is caEed the centre of hojaology ; and the 
line on which the sides meet, the axis of homology. 
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HARMONIO DIHSION. 



HARMONIC DIVISION. 

DEFiNiTioNS. — A Btroight line, AB, is aaid to Fij, 408. 

be harmonieally divided at the points C and D, I — 1 1 1 

when these points detonnine two additive aeg- C B D 

ments, AO, BO, and two anbtractive segments, AD, BD, proportional to oua an- 
other ; so that AC : EC : : AD : BD. It wiU be seen that AC mast ba more than 
BC, since AD is more than BD.» 

This relation maj be otherwise expressed, thus : the product of tha whole line 
tij the middle part equals the product of the extreme parts. 

Reciprocally, the line DC is harmonieally divided at the points B and A ; since 
the preceding proportion may be written J)B : CB : ; DA : CA 

The four points, A, B, 0, B, are called harmotiies. The points C and D are called 
Imnnotiic conjugates. So Bxs the points A and B. 

When a straight line, as AB, is divided harmonically, its half is a mean propor- 
tional between tbe distance from the middle of the line to the two points, C and D, 
which divide it harmonically. 

If, from any pointy 0, lines bo drawn so as to Pig. 409. 

divide a line harmonically, these lines ata called 
an harmonic pencil. The four lines which com- 
pose it, OA, OC'OB, CD, in the iignre, are 
oalled its radii, aod the pdrs which pass through 
the conjugate points are called conjugate radii. 



Thkobem v.— -i« any harmonic pencil, a line drawn, parallel i< 
radii, is divided by ike three other radii into two equal parts. 

Let EF be tho line, drawn parallel to Fig. 410. 

OA. Through B draw OH, also parallel 
to OA We have, 

GB ; OA : : BD : AD i and 
EH:OA::BG : AQ 



; of the 



But, by hypothesis, AO : BO : : AD : BD. 
Hence, the first two proportions reduce to 
aB = BHi and consequently, EK: = KF. 

The Reciprocal is also true ; J. e., 

Iffojir lines radiating from a point are such t)iat a line drawn parallel , 
Ihem is divided into two equal parts by the other three, the four lines form 
moniepenc^. 




an har- 



* Thrse nnnilwl-B, m, n,p, a 



aslog order of size, form an harnionio proporf^on, 
I is to tho diBerence of the seoond and tbo third, aa 
Ersfl,4,and8;orS,8,aBflii; orld. 12, and lU ; Ac 
d AO, whidi thus gire BD : CB : : AD : AC ; or 
1 i ^, J, ^, &e.. Is tolled an ftfl™i(nrfc)WD£fiv!»- 
a n>rm an harmonio pro^orUon. 
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THE COMPLETE ^MDRILITEEAL. 

^sal to an harttonio pejicil be drawn, 



391 
idllhedimdei 



TSEORUK VI.— If a»!!tr 
harmonieall;/. 

Let LM be tlie IranBTersaL Through K, where LM intersects OB, draw EF 
parallel to OA. It is biaecCed itt K hy the preceding theorem ; and the dmilar 
triangles, FMK and LMO, EKH and LNO, glTS the proportions 

LM:KM::OL:FK, ai]dLN:BK::OL: EK; wlience, 
aiiico FE = EK, we have LN" : HK : : LM ; KM. 

CoHOLLAHV, — The two sides of any angle, together mth the bissectrkes of the angle 
and of itt sappleTneiit, form an harmonio pencil. 

Thkohkk VU.— If, from the summits of any Fig. 411. 

triangle, ABC, through any jioint, P, there be 
drasm llie tranmeraois AD, BE, CF, aiiil the trans- 
versal ED be drawn to meet AB prolonged, in F', 
the points F and T vdll divide the base AB har- 

m>mically. ______^ 

A F B F' 

This may be otherwiao expressed, thus ; 

The line, CP, viMeh Jinns the interseelion of the diagonals of any gtiadrilaleral, 
ABDE, with the point of meeting, 0, of iia> opposite sides prolonged, cols the side 
AB in. a point F, Kkick is the harmonie conjugate of the point of meeting, F, of 
the other ftco sides, ED and AB, prolonged. 

For, by Theorem I., AT" X ED X CE = F'B X DO X EA ; and 
by Theorem III., AP X BD X CE = FB X DO X EA ; 
whence AF : FB : : AF' : F'B. 



THE COMPLETE QUAIlEILATEEAL. 



A Complete Quadrilateral is formed by 
drawing any four straight lines, so that each 
of thera shall out each of the other three, so 
as to give six different points of intereection. 
It ia BO called becauEe in the fi^re thus 
formed are found three quadrilaterals ; viz, 
in Fig. 412, ABCD, a common eoBMea; quadri- 
lateral ; EAFC, a 7sni-mneave quadrilateral ; 
and EBAFD, a M-concave quadrilateral, com- 
posed of two opposite triangles. 

Tho complete quadiilnteral, AEBCDF, has 
three diagonals; viz., two interior, AC, BD; 






r, EF. 




Theokbu VIIL — In every oomtlete QUiORVtaTKRAi. the middle points of its three 
diagonals lie in the some straight line. 

AEBCDF is the quadrilateral, and LMtf the middle points of its three diago- 
nals. From A and D draw parallels to BO, and from B and draw parallels to 
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TBE COMPLETE (JUADBILATERAL. 



[». 




and C and K therefure divide the 



AD. The trisjigle EDO being cut by tbo transversal BF, we have (TheorBm I.), 
DF X CB X EA = CF X liG X DA. From ths equality of paralleb between 
parallels, we have CB = E'B', EA = CA', EB = D8', DA=EA. Hence, tho 
above equatjon becomes DF X E'B' X CA' = OF X DB' X EA' ; therefore, hy 
Theorem II, the points, F', B', A', lie in the same straight lice. Now, since the 
diagonals of the parallelogram EOA'A bisect eaeh other at H, and those of the par- 
allelogram EBB'D at N, we have EN : NA' : : EM : MB'. Then MN is parallel to 
FA' ; and we have EN : NA' : : EL ; IJ", or EL =: LP, bo that L is the middle of 
FiF, and the same Btra%ht J'ne passes tl rough L M and N. 

Theoheu IX — M e e y eo np!de q-uadr lateral each of the three diagonals is 
divided I arn a cHly by the t oo others 

CEBADt 8 the complete quidrdatetil FJg. 418. 

Tho d agonal LF a 1 vided ha mou eally at 
G and H bj DB and AO prodn ed s nc 
AH, DE and FB are three tnns^erbal 
drawn f ora the e nn fs of the tr angle 
AEF throngh the same po nt C nd th c- 
fore, by TJeorcm VII DBG and ACH i 
vide EF harmon cally 

So to« in the tr an<^le ABD CB CA OD 
are tho thr e tru u s h j a d„ th ougl i 
diagonal BD harnusnieaUj. 

So too, in the triangle, ABC, DA, DB, DC are tho tranaversala, and I 
the points which divide the diagonal AO harmonically. 

ThboubsiX.— ijf;Vomoyoin(, A,a?ij(!i«ni- Fig, 414. 

her of lines be rfrflwrc, &ittijtg the sides of an 
angle POQ, the iiiterseetiotis of the diagonois 
of the quadriiaterds thus formed mil all He 
in the same straight line passing Ihrooffh the 
smnmit of the angle. 

By the preoading Theorem, the diagonal {,_ 
BC'oftheoompletequadrilateral,BAB'C'CO,** u u u- w 

is divided harmonically at D and E. Hence, OA, OP, OD, and OQ, form an har- 
monic peneU. So do OA, OP, CD', and OQ. Therefore, the lines OD, OD' coin- 
cide. So for the other intersections. 

If tho point A moves on OA, the line OD is not displaced. If, on the contrary, 
OA is displaced, OD tm'ns around the point 0, Hence, tbe point A ia atdd to be a 
pole with respect to the line OD, which is itself called the polar of the point A. 
Similarly, D is a pole of OA, which is the polar of D. OD ia likewise the polar of 
any other point on the lina OA ; and this property is necessarily reoiproeal for the 
two conjugate radii OA, OD, with respect to the lines OP, OQ, which are also 
conjugate radii. Hence ; In every harmonie pencil, each of tlie radii is a, polar 
with Teapeot to each point of its conjugate ; and each poiut of this latter line is a 
pole with respect to the former. 
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DEMOHSTRATIONS* 

PAET II, ; CHAPTER V. 



(148), (144) These methods depend on the principle of the ai^uiirc of the 
hypothenuae, 

(145) CAD ia an angle iasoribed in a aemioirele, 

(14S) let fall a perpendicular from B to AO, meeting it at a point E, not 
matted in Fig. 91. Then (Legondre, IV. 12), 

_ AC' + BO' — AB' 
2A0 



AB' — AC" + BC — a AC . CE ; whence CE = 



= CB xAC-f 



"When AC :=AB, this bacomeB 0E = — — -. Tho amilar triangles, BCE and DCA, 
^Te EC CB : -. AO : CD ; whence 

_ 2AC' 

■ SAC™ BO ■ 

(l**) Mark a point, G, in the middle of DF, aod join GA, The triangle AGD 

will t}ian be isaaceles, Eince itia eqnaito the isosceles triacgle ABC, having two sides 

and the moluded angle equal. Then AG = GD = AB = GF. The triangle AGP is 

ihen also isosceles. Now the angle FAG = 4 AGD ; andGAD^jFGA, T 

FAQ -f GAD = FAD = i (AGD + FGA) = i (ISO") = 90°. 

(149) See Part VII,, Art. (lOS). 

(150) The proof follows from tho e([ual triangles formed, 

(151) The proof is found in the first half of the proof of Art. (U8). 

(153) ACP ia an angle inscribed in a semicircle. 

(154) Draw fram a perpendicular to the given line, meeting it at a ] 
As ia the proof of Art. (146), changing the letters suitably, we have AE: 
Th« similar trianglea AEO and ABP give 

_ ___ ___APxAC 

~AC'' ■"' 

(155) Similar triangles prove this. 

(156) The equal triangles which are formed give BP^CF. Hence FP is 
parallel to BC, and consequently perpendicular to the given line DG. 

(15?) The proof of this ia found in the " Theory of Transvecaala," corollary 8. 

(15i) The proof of this is the same as the last 

(161) Tho lines are parallel because of the equal angles formed. 

• Adaitionol linga to tha figures in tie test will EomclimeB be emplojed. Tie stuaent bSohIq 
dnw thorn on the Bgures, as directs 



AC:AE::APlAD = — XAE = - 
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394 DEMOSSTBATIOllS [app. a. 

(162) The equiJ triniigka giva equal angles, and tlierefore pavallels, 

(IflS) AB is paraUel to PF, ainoe it cuta the aldea of the triangle proportJonaUy. 

(164) The proof is fonod in corollary 4 of " Tranaversala." 

(165) From the similar triangles, CAD and CEP, we have OE : CD ; : CP : CA. 
From the aimilBT triangloB, CEF and CBD, we haTs CE : CD : : CP : CB. Theae 
two proportlona gire tile following; CP : CA :: OF : OB. TJierefoM PF is pw'- 
nllel to AB. 

(166) Draw PE. Tlie similar triangles PCE and ACD give PI : CE : : AD : OD. 
The similar trlaiiglea CEP and ODB give EF : CE : ; DB : CD. These proportions 
produce PE ; EF : : AD : DB. Hence PEF ia similar to ADB, and PF ia parallel 



(1T4) ABP is a tranaversRl to the triangle CDE. Then, by Theorem L t 
" Traoaversiae," CA X EB X DP = AE X BD X OP ; -whence we hare 
OP : DP : : CA X EB : AE X BD. 
By " division," CP — DP : DP ; ; CA X EB — AE X BD : AE X BD. 
DC X AE X BD 



Hence, aicea CP — DP = CD, we obtain DP = 



■C4.XEB — AEXBD' 



The ofier formiilaa aie simplified by the common ft 1) n 1 by mating 

AE = ACocBE = BD. 

(175) By Theorem Til. " HarmoDic Division," in th q ad lat al ABED, the 
line CF euta DE in a point, L, which ia the harmom tij gat f th point at 
which AB and DE, produced, would meet So too, nth qaai lat al DEHK, 
this same line, OQ. produced, cnta DF in a point, L, wliith is tlie liarmonto conju- 
gate of the point at which DE and KH, produced, would meet. Consequently, 
AB, DE, and KH must meet ia the aamc point. OlIierwiM; this problem may be 
regarded as £he converse of Theorem S. of " Transversala," BCA being the angle, 
and P the point from which the radiating lines are drawn. 

(176) EGCFDH is the " Complete Quadrilateral" Its three diagonals are FE, 
DC, and HG ; and their middle poinia A, B, and P lie in tlie same straight lina, by 
our Theorem VIIL 

(t§3) This inatirument depends on the optical principle of the equality of the 
angles of incidence and reflection. 

(1§4) The first method given, Fig. 120, ie another application of the Theory of 
TranBTeraals. The second method in the article ia proved by supposing the figure 
to be constructed, in which case we should have a triangle QZR, whose base, QR, 
and a parallel to it, BD, would be cut proportbnallj by the required line PSZ ; 
_ BD X QP 
QR ■ 

(189) By "Tranaveraola," Theorem I., we obtain, regarding CD as the trans- 
versal of the ti-iangle ABE, CBX AFxED = ACXFEXDB; and eince ED = DB, 
this becomes CB X AF =AC X FE ; whence the proportion CB : AC : : FE : AT. 
By "division," we have CB — AC : AC :; FE — AE : AF. Observing that 

OB — AC = AB, we obtain AB = ^ ■ (FE — AF). 



io that QR : BD ; ; QP ; BS = - 
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B.] 



For Part II., Chapter V. 



(190) Take CH = CB ; and fi'ora B Jet fall ii p«ri)eu 
dioular, BK, to AC. TJien, in the triangle CBH, we liav 
(Legsndre IV. 12). 

..^_ CH'4-BH'-BC' _ BH' 

"^2BC' '- 



2CH 



e CH = Ba 



In the triangle ABH, we haye (Leg. IV. 13) 

AB' = AH' + BH'' + 2 AH . HK, 

Substituting for HK, ita value Trora [1], 



get 



But 



.B' = AH= + EH=(: + ^| 
= AC — BC 



AH = AC- 




Iii the above expression fof AB, BII is unknown. To find it, proceed tiiua. 
Take CP = CD. Then DF is parallel to BH ; and we have CD : OB : : DF : BH ; 
whence BH'=Dr.^,. [8] 

In this equation DP is nntnowo ; but by proaeeding as at the beginning of this 
iuTBstigation, we get an equation analogous to [2], giving ED= =EF' + DF . — ; 
whence DF' = {DE'— EP) . — . 

Substituting this value of DF' in [S], we have 

Substituting this value of BH" in [2], we V 
AE'=AH"+(DE'-EF'),^'^^^'' 



(192) The proof follows from the similar triangles constructed. 

(103) The EJmilar triangles give DE : AC ; ; DE : AB ; whence, by " dmaion," 



-AC ; AC ::DB- 

__ ACXAD 

~DE-AC" 



■ AB : AB ; wlienoe, since DB — AB = AD, ■ 



(194) From the similar tiiangles, we have DE ; CA ; : EB : AB ; whence 
DE — CA : CA :: EB — AE : AB; wlienoe, since EB — AE = AE, we get 
,^ AC X AE 

■^^=DE^AC- 

(195) The triangles DEF and BAF, similar because of the parallelogram which 
, , , . „ _,^ ,„ ,„ EDXAF ACXAF 

18 constructed, giTe FB : ED : : AF ; AB = ■ ■ pp — =■ - -,„ - ■■ 

The triangles DEF and BCD give similarly FE : ED : : DC : CB= - 9^ 29. 
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396 DEMONSTRATIONS [app. b. 

(190) The equality of the triangles formed proves this problem. 

(19T) The proof of this problem alau dopeiids on the equality of tli« triangles 
constructed. The details of the proof require attention. 

(198) EB ia the banaTersal of the triangle ACD. Consequently, CBxAFxDE 
= ABXFDXCE; or,eiiiceCB = AB+AC(AB+AC)XAFXDE=ABXFDxCE; 
AOXAFXDE 



whence AB =: — 



PDXCE— Ali-XBE" 



(199) The Ibe BE is harmonicully divided at the pointa H acd A, from Theorem 
IX, ECFBGD being a " Complete Quadrilateral" Conaeiiuently, AE : EH : ; AB :HB. 
Henee, by "division," AE — EHiAB :: AB — HB:AB. We therefore have, 

.i.e.AB-HB = AH,A. = i|^. 

(200) 7or the same reasons as in the last article, CF is harmonically divided at K 
and D;andwe have CH:HF:;OD;DF; -whence CH—HF;CH::CD—DF:CD, 
Hence, since CD - DF = CP, CD = ^"_^g . 

The other two expressions come fi-om writing CF as CH + HF, and HF as 
CF — OH. 

(901) The equality of the triangles formed proves the equality of the corre- 
sponding aides KD and DE, &c. 



(aOS) The similar triangles (made so by the measurement of CE) give 
0D,D1!:.CA:AB = ±2^. 

(803) The similar triangles (made so by the parallel) give CE ; EA ; : CD : AB 
CDXEA_ CDX(AC — CE) 



(304) The similar triangles DFH and BCD give HF i FD : : DC : BC = - - ^ ■■ . 

The similar triangles FGH and ABC give FQ : QH : : BC : AB = BC y^. 

Substituting for BC, its above value, we have AB ^ — fh x ' Fft " ' 
Wlien CD = CE, DF = CD, whence the second formula. 

(305) The equality of the symmetrical triangles which are formed, proves the 
equality of A'B' to AB. 

(206) Tho proof of this is similar to the preceding, 

(807) Because the two triangles ABC and ABE have a common angle at A, 
we have ADE : ABC : : AD X AE : AB X AC ; whence the expression for ABC. 

(30§) From B let fell a perpendicular to AC, meeting it at a point B'. OflU 
ttiis perpendicular BB' =p. From D let fall a perpendicular to AC, meeting it 
at ft point D'. Call this perpendicular DD' =: y. 
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[app. b.] For Part T. 391 

The qufldrilateral ABCD = AO Xi{p + q). 

The triangle BCE = CE X ip; whence p = ' ■ ^ 

The similar triaagles EDD' and BEB' give p ; ? : ; BE : DE, whenci 
_ BE_2,BCEXKE 
' ■"'' BE "~ OE XBE ■ 
T^ ./ _!_ ^ BCE , BCEXDE_^^^„ BE+DE _^^^,. BD 
Tfaen i (P + 9) = -c^ + -CEX BE = ^™ ^ CE5?BE = ^^^ ^ CE3^' 
]^tly, ABCD=:AG X BCE X ^i^ =BCE X ^gg. 



DEMONSTRATIONS FOR PART V. 

(S82) Let B^^ the measured ineliDed length, 6:^=tliia length reduced to a 
horizontal plane, and A = thc angle -whidi the meaauved base mates with 
the horizon. Then J = B , cos. A ; and the esoess of B orar 6, L e., 
B — i — B (I — cos. A). Since 1 — cos. A = 2 (sin. -i A)' [Trjgoiiometry, 
Art. (9)], -we haye B — i = 2 B (sin. i A)". Substituting for sin. -J. A, its 
approximate equivalent, ^^ A X sin. 1' [Trigonometry, Art. (5)], we obtain 
B — 6 = 2B (iAX ein. !')''=* (Bin. i'f.A". B, =0.0000000428} A" R 
By logarithms, log. (B — J) = 2.6264:22 -J- 2 log. A + log. B. The greater precision 
of this ealoulatioa than that of i ^ B . eos. A, arises from the slowness with which 
the cosines of very small angles increase or decrease in length. 

(as*) The exterior angle LER = LCR + CLD. Also, LER =LDR + CRD. 
.■.LCE+CLD = LDE+ORD, and LCR = LDR+CRD-CLD. 

From the triangle CRD we get sin. ORD = sin. CDR X ^. 
From the triangle CLD we get sin. CLD = sin. LDC X ^. 



LCR = LDR + Bin, CDRX^ — ^n-LDC X ^. 

The last two terms are e^ipreesed in parts of radius, iiud to have them in seconds, 
they must be divided by sin. 1" [Trigonometry, Art, (6), JJote], wliloh gives the 
formula in the test. Otherwise, the correction being in poi'ts of radius, may be 
brought into seconds by multiplying it by the length of the radius in seconds; i. e, 

^^3lflS^9 Ae"° = 206264".80625 [Trigonometry. Art. (3) ], 

(391) The triangles AOB, BOC, COD, Ac, give the following proportions 
[Trigonometry, Art. (12), Theorem L] ; AO : OB : : sin. (2) r sin, (1) ; 
OB : OC : : am, (4) : sin. (S) ; 00 : OD : : sin. (6) : sin. (B) ; and so on around the 
polygon. Multiplying together the corresponding terms of all the proportions, 
the sides will all be cancelled, and there will result 
1 : 1 : : aia. (3) X sm. (4) X sin. (9) X sin. (8) X sin, (10) X sin. (12) X sin. (U) ; 

sin. (1) X sin, (3) X an. (5) X sin. (1) X sin. (0) X siti, (U) X Mi. (13). 
Hence the equality of the last two terms of the proportion. 
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iB,sB=a; 


sin. BAS c 
n. ASB 


.siaU 
Bia.S " 


[1] 


BC...B=2i, 


sin. BCS a . 
I.BBC i 


,ein. V 


[a] 


whence. c.dcS' 


'.ein.tT-a.ai 


aS.aiii.V=( 


K [8] 



398 DEMOIVSTRATIOIVS 

DEMONSTEAIIOS" FOR PAIIT VL 
(399) la the triangle ABS, -ne hare 

Bin. ASB :8b. BAS :: 
In tlia triangle CBS, we have 

Bin. BSC : Bin. BCS : : 
Heno "■""-tr ^ a-BJn.V . 

In the quadrilateral ABCS, we have 
ECS = 360° — ASB — BSC — ABC — BAS; or V =360° — S — S' — B — U, 

1011 = 860° — S — S' — B. and we have V=:T — U. [i' 

Substituting this value of V, in equation [3], we get [Trig., Art. (8)], 

e.an S' sin. U — a, sin. S (ain. T.0O9.U — oos.T.eiii. U) =0. 
Dividing by sic. tT, we get 

c.ein.S' — a.sin. S (sin. T . ^1^ — coa. t) = 0. 
Wtence we have 

<mTT _ e.eia. S' + a.BiD.S.cos.T 

sin. u — '«*■ U — „ , Bin. a . sin. T 

Separating this expression into two parts, and caneelliug, we get 

Separatmg the second member into factors, we get 

""=£^( ...:..t:lT +')'°' 

Having found U, equation [4] gives V; and either [1] or [3] gives SB; an' 
SA and SC are then given by the familiar " Sine proportion" [Trig., Art. (12)]. 
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App. B.] For Part V'll. 399 

DEMONSTRATIONS FOR PAiiT VIL 

(403) If APC be a tight aiigla, ^ = wa. CAB [Trigonometry, A.vt. (4)]. 

(405) AC = PC,tan.APC; and 02 = PC. tan, BPO [Trigonometry, Art. (4)]. 
Hence AC : CB : : tan. APC : tan. BPC ; and 

AG : AC + CB : : tan, APC : tan. APC + tan. BPC. 

Conaoqucntly, since AC + CB = AB, AC = AB . — ^ , ■^^. 

(414) The equal and supplementary angles formed prove the operation. 
(421) la Fig. 28fl, CA : EG : : AB : GB. By "diTisioa," CA — EG:EG:: 
AB — GB ; GB, Henee, observing that AB ~ GB = AG, we shall have 

(4S3) Art. (12), Theorem ni., [Trigonometry, Appendix A,] gives; 
COS. O^. -T - ' ■ — -; or n" = a' + J" — 2 oi . ooa, C. This becomes [Trig., Art. 
(S)], K being the eupplement of C, «" = a" + i" + 2 a5 . coa. K. The series [Trig. 
Art. (6)] for the length of a cosine, gives, taking only its first two terms, since K ia 
very small, coa. K = 1 — J K'. Hence, 

«' = a= + J'+2«i-aiK= = (a+6)'-«6K' = (« + i)"(l-^i^); 

whence, e = [a + b) ^^l - ^^-jji)- 

Developing tlie quantity under the radical siga by the binomial theorem, and neg- 
lecting the terma after the second, it becomes 

Subatitnting for K minutes, K . sin, 1' [Trig., Art. (5)]. and performing the multi- 
plication by a -f- 6, we obtain 

fl = a+6_ °^-'^'-^^"^/^' . Now*-^!!'^-i^ = 0.00000004230'/9; 
2 (o + i) 2 

whence the formula in the text, « = a+ 6 — 0.00000004330B X — t-t- 

(430) In the triangle ABC, deeignate the angles as A, B, C ; and the sides o[)- 
poalte to Uiem as a, 6, c. LetOD = il The triangle BCD gives [Ti'ig,, Art. (12), 

Theorem I], a-^d . " , The triangle ACD similarly gives 5 = (I- . ' „.f .- 
In the triangle ABC, we have [Trig., Art. (12), Theorem II.], 
tan. i (A — E) : cot ^C ;: ci — 6 : + 6; 

whence tan. ij (A — B) = ^-^ ■ cot. i C. [1] 

Let K be an auxiliary angle, such that b^a. tan. K ; whence tan. K ^ - . 
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400 dehodstkitioss [app. ». 

Dividing the second memlier of equatioii [1]. above and below, bj a, and substitu- 
ting tan. K for A "We get taa i (A — E) — ^ 7^*""' ■ cot. i C. 

Since tan. 4B°=; I, we may substitute it for 1 in the preceding enaation, and 
tan. 45° — tan. K 

w. g,t u.. 1 (A-B) =ii^rjri,ini-"«- * °- 

From tlie expression for the tangent of the diffecenco of two arcs [Trig., Art, 
(8)]. the preceding fraction reduces to tan. (45° — K) ; and tlie equation becomes 
tan. i (A — B) = tan. (45° — K) , cot. i a [2] 

In the equation tan, K = -, substitute the values ot b and a from the formulas 
at the beginning of this investigation. This gives 
a. ADC . 
11. GAD ■ 



tan. K = 



(A — B) is then obtMned bj equation [2] ; (A + B) is the supplement of C ; 
therefore IJie angle A is known. 

,„ a.fiin.C rf.Bin.BDO.wn. ACB 

Then '=^^=-^:^=-s^:cm:^-cAB- 

The use of the ansiliary angle K, avoids the calculation ot the sides a and b, 

(434:) In the figure on page 292, produce AD tu 

angles, EBO = A + P; ECD = A + Q; EDF = 

gives — = -^^^ The triangle ACE gives — — — ^-^- Dividing member 

. , ' BE - "" " 

by member, we get — = 



CE (a + E) sin, P' 
In the name way the triangles BED and CED give ^37- = T' ,t. j^ - p j '• 

,d™=*J|+2> m„....i,.f„,g= i'+'! ■';„''■' r? . 

6 Em.(R — Q) CB 6,sin. (R — P) 

Equating these two values cf the same ratio, we get 

'■•'■ a _ (t+»).i..(B- a) 
FRT-i^ni — 6.i..(B-pr' '""""• 
|K-r) _ 



Bill. P.BiQ,(R — Q) 

To solve this equation of the 2d degree, witli reference 

tB]l.'K = 



h reference to x, make 
Q (sin.R-F) 



P(3in. E-Q)- 

Then the first member of the preceding equation =^\ ■ (a — b)' X tan.'K; and 
we gel i" + (" + »)" = 4("-»)'-t=».'i:-* 

„d . = -1 (. + S) ± V H («-S)''t>e.'K-oi + 1 («+i)"] 

= -i(a+l)±^li{.-tr-ta.-K + H„-in 

=-M. + i)±4(«-S)s/(t»ii.'K + i). 

Or, onee / (ten,- K + 1 ) = .ee.nl K =. -1=, we line , = - ^ ± 5i=i.. 



K' 
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DEMONSTRATIONS FOE PART XI. 
(493) The oontBiit bciDg given, and the length to be n tJ 



!a lireadth ;= oi 



Given the content =; c, and tlie difference of tbe length and breadth = ii ; to 
find the length I, and the breadth i. We have IX b — o\ audi — i = (i From 
these two equations vie get I =: i d + i ^ (fP ■+ i c). 

Given (he content ^=c, and the sum of the length and breadth ^^s; to find 2 end i. 
We have lxb = e; andi + 6 = s; whenct we get i = ^ s + i y* (*' ~ * ")■ 

(494) The first rnlo is a consequence of the area of a triangle being the product 
of ita height by half its haae. 

To get the second rule, call the hwght & ; then the baae:=mA; and the urea 

^ 4^ A X JkA ; whence A = i/ ( ) . 

For the equilateral triangle, calling its ade f, the formula for the area of a triangle 

^ 1.6197 y area. 

(495) By Art. (6S), Note, ^ . AB X EC X eiii. B ^ content of ABO ; whence. 
tiXABO 

'"-ABTri^- 

(496) The area of a circle = radius' X -=■ ; whence radius =;j/ { — — ■ J. 

(lOf) The blocks, inolnding half of the streets and avenues around Ihem, are 
900 X 260 = 33*000 aqnare feet This area gives 64 lota ; then an acre, or 43660 
feet, would give not quite 12 lota. 

(SOa) Tlie parallelogcam ABDO being double the triangle ABC, the proof for 
Art. (49S), slightly modified, applies here. 

(504) Produce BC and AD to meet in E. Tig. BiO, bia. 

By similnr triangles, 

ABE : DDE : ; AB' ; DC. ■■ " 

ABE — DCE: ABE:: AB' — DO": AB". f; "' 



■2.sin.(A+B)' 
The above proportion therefore beoomi 
ABCD : . 



^:: AB" — CD':AB'. 



n.{A + B 

Multiplying estremea andmeana, cancelling, transpjaiog, and extracting the aquare 
a.ABCD.BJn. (A + B) 1 
sin. A. sin. B J" 



root, we get CD = i/ \m 
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402 DEMONSTRATIONS [ai 

When A + B > 180°, siu. (A + B) is negative, aud therefore the ffact 
■whioh it oceui-a becomes positive. 

CF being drawn parallel to DA, we have 



"^-^"■°-^"'Bin. (A + B)- 

(505) Since similar triangles are aa the squares of their homologous sidee, 
BDE : Bm -.-.BTP: BY' ; whence BP = ^^■l/(|f^) ■ 

(506) EFQ = J.BFxFG = i.BFxBF.taii. B; 

//2.EFG\ 
ivhcncB, i/\ir~B/' 

(510) By Art. (8S), Noti^, BFG =:BF'. ™: "^'^^v . I 

-=v'('4ls=)- 

(511) The finalformula results from the proportion 

FAE ; CDE : : AE' : ED". 

(512) Since triangles which have an angle in each equal, are as the produotaof 
the sides about the equal angles, 'we have 

ABE : CDE ; : AE X BE : CE X BE. 



BE = AB.^4^.. CG = DE 



TA+B)' '^--""■si^rE- 

CDE 

1. E" 



Substituting these values iu the preceding proportion, cancelling the common fac- 
tors, observing that sin. (A + B) = sin. E, multiplying extremes and means, and 

//S.CDE.Bin.DCE\ 
d,v,d,ng, we get DE =/(^ii;^-^CDE )' 

(518) The first formula is a consequence of the expression for the area of a 
triangle, given in the first paragraph of the Kote to Art. (HB). 

(51'?) The reasons for the operations in this article (which ai'e of very frequent 
occurrence), are self-evident. 

(51§) The expression for DZ follows from Art. (66), Note. The proportion in 
the next paragraph exists because ti'iangles having the same altitude are its their 
bases. 

(519) By construction, GPO = the required content Now, GPC = GDC, since 
they have the same base and equal, altitudes. We have now to prove that 
LMC — GDC. These two triangles have a common angle at C. Henee, fhey are 

■to each olher as the rectangles of the adjacent sides; L e,, 

GDC : LMC ; ; GO X CD : : LO X CM. 
Here CM is unknown, and must be eliminated. "We obtain an expression for it 
by means of the similar triangles LCM and LEP, which give 
LE : LC : : EP = CD : CM. 
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at. ■.] For Part XI. MS 

Henoa, CM = - — y^ Substituting tliia value ot CM in tbo first proportion, 

and cancelling CD in the last two terms, we get 

GDO;LMC::GC:^; or GDC : LMC : : QC X LE : LG*. 
LC= = (LH 4- HC)" = LH' + 2 IH X HC + HC". 
But, by eonslruotion, 

LH' = HK= = HEr'-EK= = HE'-EC'' = (HE+EG) (HE-EC) = HC (HE-EC). 
Also, GC = 2 HC ; and LE = LH + HE. 

Substituting these values ia tho lust proportion, it Ijeeomes 

GDC:LMC::2.HC{LH + HE):H0(HE — EC) + 3LHxHC + HC«. 
-E0 + 2LH + HC. 
-EC + 2UI + HE + EC. 
: a HE + 2 IH. 
The last two ternia of this proportion are thus proved to be equal Tberefore, the 
first two terms are also equal ; i. e., IMC = QDC = the required content. 

SineeHK — y (HE' — EK"), it will have a negative as -well as r positive value. 
It may therefore be set off in tha contrary direction from L, L e., to L'. The line 
drawn from L' through P, and meeting OB produced beyond B, will part off an- 
oihey triangle of the required content. 

(580) Suppose the line LM dra.wQ. Then, by Art. (65), Note, the required 
content, fl = J ■ CL X CM . sin. LCM. This content will also equd the sum of the 
two tmogles LCP and ^CP ; i. e., c = -^ . CL X jn + i ■ CM X 5. The first of 
these equations gives CM =^-^ — : — f?^' Substituting this in the second equa- 
tion, we have , „^ , ca 

'=*-^^^'' + ci:i:LCM- 

Whence, ^ y . CL" . sin. LCM + eg = c . CL . sin. LCM. 

Transposing and dividing by tho coefficient of OL?, we gat 

p p . Sin. OLM 

0L= * 



p^V \p' p. sin. LCM/ 



If the given point is milaide of tiie lines CL and CM, conceive tlie desired line 
to be drawn from it, and another line to join Uie given point to the corner of the 
field. Then, as above, get expressions for tho two triangles thus formed, and put 
their sum equal to the expression for the triangle which comprehends them botli, 
and thence deduce the desired distance, nearly as above. 

(533) The difierence i^ between the areas parted off by the guess line AE, and 
the reqnired Une CD, is equal to the difference between tha triangles APC and BPD 
sin. A_. sin. P 
Q.(A + P)- 
sin. P 



By Art. (6S). Note, the triangle APC = i.AP>.^ 
Similarly, the triangle BPD = i ■ BP" ^^J^ 

■■■'=*■ ^^Wm- 
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DEMONSTRITIOKS [ap?. i 

1. (tt + b) [Trigonometry, Art (8)], we have 
- i BF . 



"~'^' Bm.A.«oa.P + B;ii.P.oo3.A~'^ Bin. B.eofl.P+ain.P.cos.] 

Dividing eacli fractiou by its numerator, and renieiabering tliat -, =^ eot. a, w 

have , ^ AP' i BF" 



e, lot J? = cot. P; o;= cot. A ; aiid b =^col. B. The above equation 
will then read, multiplying both sides hy 2, 

AP' EP' 
p + a p + b' 
Cleai'ing of fractions, we have 

Sdp'+idap + ^dbp + ^dai—p.AP^+b.A'P' — p.'BF' — a.SP'. 
Transposing, dividing through by 2 t^ and separating into factors, we get 
i.AP' — a.BPa 



,/ , , AP' — BP'V 



.■-^ = -S» + .- 



APs— BP"! 



= 0; and the expreBsion redueea to the simplet form 



(523) Conceive a perpendicular, BF, to bo let fall from B to the required line 
DK Let B repreeeat the angle DBE, and ff the unknown angle DBF. Tlie angle 
BDF = 90° — 3 ; and the angle BEF = 90° — (B — 0) = 60° — B + j3. By Art. 

(65), Note, the area of the triangle DBE = i DE'- ■?^^°^ = 

s;n.(90°-g )sln .(90°-B + g) 
sin. B 

X DBE X sin. B _ 3 X DBE X sin. B 



lionce, DE'< = 



sin. (90° — (5). sin. (90° — B + 0) cos. ;5 . cos. (B — 3) ' 
How in order that DE may be the loaat possible, the denominator of the last 
fraotion must be the greatest possible. It may be tmneformed, by the formula, 
COS. « . CCS. i = 4 COS. (a + 6) + 4 . COS. (a — 6) [Trigonometry, Art. (8) ], into 
i COS. B -f- ^ . COS. (B — 2 0). Since B is constant, the valae of this expression de- 
pends on its second term, and thgt will he the greatest possible when B — 2 J? =: 0, 
in which case J^ = J B 

It henoe appears that the required line DE is perpendicular to the line, BP, 
wlvioh bleeots the given aogle E. This gives the direclion in which DE is to be run. 
Its starting point, D or E, is found thus. The area of the triangle 
DBE = i BD . BE . Mn. B. Since the triangle is isOBoelce, this becomes 



DBE: 



= iBD'. Bin. B; whence BD = |/ (^?). 



DB is obtained from the expresaioE for DE', which becomoa, making JJ^ -J B, 
^^^,^ 2XDBEXsi n^_. ^ -OR = ^AiJ>.5^"_l> 



Hosted by 



Google 



(984) Let a = value per aero of one portion of the laud, and 6 that of the 
otliev portion. Let a = lhB widtli required, BC or AD. Then the value of 

BCFE = a X ^^^, a^d fis ™lua of ADFE = i X ^— ■ 

Putting the sum of these ctiual to the value rcqviii'ed to be pai'ted off, "we obtain 
value required X 10 

"~aXBE + ixAE' 



(525) All flie construetioDS of this article depend on the equivalency of triwi- 
glea which have equal bases, and lie between psrallela. The length of AD is de- 
rived from the ai-ea of e. triangle being equal to its base by half its altitude, 

(53?) Since similar irlanglea are to each other as the Equarea of their homolo- 

ABC : DBE : : AB' : BD^ ; whence BD — AB |/t§^ == A3 i/-- ^ - ■■ 
The cooatruction oEFig. 86S is founded on the proportion 

BF:BG::BG:BA; \!h6QBD = BG = v'(BA X BF) = BAi/— ^. 

(588) Byhjpotliesis,AEF:EFBC ::!»:«; -whence AEF ; ABC ;:m :m + n; 
andAEF = ABC— ^ = "^'^^ ^-— ^- Also, AEF = J ■ AE x EP. 

The Bimi]ar triaogles AEF and ABD give AD : DB : : AE : EF = — ^ — . The 

eecond expressioa for AEF then becomea AEF i= J AE 
this with the other value of AEF, we have 
ACXD B m _ AE' X DB 
2 ' m + «.~ 2 . AD 



- ; whence AE : 



|/(acxadx^). 



(530) In Fig. 866, the triangles ABD, DBC, having tlie same altitude, ace to 
«ach other aa their baaes. 

In the nest paragraph, we have ABD : DBC : ; AD : DC ::m : n ; whence 
AD ; AC::m; m + «; and AO : DO ; : m-J- iv ; ii ; whence the expreBsions for 
AD and DC, 

In Fig. 881, the expreaaioa for AD ia given bj the proportion AD ; AC::Mi ;!ii -\-n. 
Similarly for DE, and EC. 

(531) In Fig. 868, conceive the line EB to be drawn. The triangle 
ABB=^ABC, having the same altitude and half the base; andAFD = AEB, 
because of the equivalency of the triangles EFD and EFB, which, with AEF. make 
up AFD and AEB. 

The point P is fised by the similar triangles ADB and AEF 
The expression for AF, in the last paragraph, ia given by tlie proportion, 
ABC : ADF : : AB X AC : AD X AF ; 



whence. AP = 



<A0 



IS of triangles being equal to the product of their altitudes by 
e constructions in Fig. 369 and Pig. 310 follow therefrom. 
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406 DEMONSTRATIOaiS Lapp. b. 

(533) In Pig. STl, conceive the line BL to be drawn. The tritmgle ABL will 
be a third of ABC, haviug tho egme nltitudc and one-third tlio base ; and AED is 
eqniralent to ABL, because ELB ==- ELD, and AEL is common to both. A similar 
proof applies to DCG. 

(934) In Fig, 313, the fonr smaller triangles are mutually equivalent, becaiiBe 
of their ei^usl bases and altitudes, two pairs of them lying botwoea pai'aUele. 

(535) In Fig. 873, conceive AE to be drawn. The triangle AEC=i.ABC. 
having the same altitude and half the base ; and EDFC =: AEC, becanee of the 
eoramon part FEO and the equivalency of FED and FEA- 

(586) In Fig. S14, in addition to the lines nsed in the problem, draw BF and 
DO. The triangle BFC =^ ABO, having the some altitude and half the base. 
Also, the triangle DFG =:BFB, because of the parallels DF and BG. Adding DFC 
to each of these triangles, we have DCG = BFC = i ABC. We hare then to 
prave LMC ^ DCG. This is dona precisely as in the demonetration of Art. (619), 
page 402. 

(53T) Let AE = le, ED = y, AH = a', HF = y', AE:^a,EB = J. 

The quadrilateral AFDE, equivalent to J ABC, but which we will represent, 
generally, by m^, is made up of the triangle AFH and the trapezoid FHED. 
AFH = ^.a!y. ¥BED = i{x-^')lj, + y'). 

.■. AFDE = m' := i . iV + ^ (»;- j^') (y + J'} = i * (y + !/') — i »^'y- 
The similar triangles, AHF and AKB, give 

SnbBtitutiog this value of y' in tho expression for m', we have 
ftt' = i X (y + ~~j —i =:'y; 

whence, x = —V- 

The forninla is general, whatever may be the ratio of the area in' fo that of 
the triangle ABC. 

(538) In Kg. 376, FD ia a line of division, because BF = the triangle BDF 
divided by half its altitude, which gives its base. So for the other triangles 

(539) In Fig. 377, DG is a second line of divisiou, because, drawing BL, the 
triangle ELC = J ABC ; and BDGC is eqnivalent to BLC, because of the eommou 
part BOLD, and the eqnivalency of tho triangles BLQ and DLR 

To prove that DP is a tliird line of division, jom MD and MA. Then 
BMA = ^BGA. FromBMA take MFA and add its equivalent MFD, and we have 
MDFB = iBGA=^(ABDG — BDG) = i(?ABC — BDG) = iABC — ^BDG. 
To MDFB add MDB, and add its equivalent, i BDG, to tho other side of the equa- 
tion, and we have 

MDFB + MDB = iABC— iJBDG + iBDG; or, BDFr=iABC. 

(540) III Fig. 378, the triangle AFC = J ABC, haying the same baae and one- 
third the altitude. The triangles AFB and BFC are equivalent to each other, 
each being composed of two trianglea of equal bases and altitudes; and each ia 
therefore one-third of ABC. 
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In Fig. 310, AFC : ABO : : AD : AB ; since these two trinngles liave t.lie enmmoii 
biise AC, and thuii- altLtndos aro in tlia above ratia So too, BFO : ABC : i BE : BA, 
Hence, tl.e remaining triangle AFB : ABC ; : DE : AB. 

(641) By, Ai-t. (65), Koto. ABC = ^ AC X CB X sin, ACB. JSut die a»gl<. 
ACB = ACD+DCB =^ (180°— ADC)+i (IBO^-CDB) = 180°— 1 (ADC+CDB). 
Hence, ABC = i AC X CB X sin. J (ADC + CDB) = J AC X CB X sin. i ADB. 

Let I- = DA = DB = DC. Since AB is tlia chord of ADB to tiie rHdius r, and 
tliei'efore uqual to tn^ioe the sine of half that angle, we have 



_ A B X BC X CA 
4 . ABC 



Ein.J.ADB=— ; whei.ce, ABC = iACxCBX- 
AlBO, einee the Brea of each of the three small triangles equals half the product of 
one of the equal sides (:=r), by tlio sine of tbo included angle at D, these triangles 
wiE be to each other as the sines of those angles. These angles ai-e found thns : 

.i..SiDB = |5;.MBDO = 55..i..JADO = -|5. 

(549) The formulas in this article are obtauied bj substituUng, in those of Art. 
(623), for the triangle DBE, its equivalent — ^ X J AB X BC X Bin. B. 

BD .h... b„.„,. = i/(~-- ^MS9 «aB) = ,/( -5- XAB XBC) ; 
r \m -\- n sin. U / r \m -f- r^. / 

-/(-^XABXBCXsiaiE) ^in B // m \ 

andDE='J^?^±^^— — -.^- ^ = _^it.y'( ™ XABXBC). 

COS. J B coa. 4 B r Vm + n / 

(543) The mie and esample prove themselves. 

(544) In Fig. 883, conceive tlie sides AB and DC, produoed, to meet in some 
point P. Then, by reason of the similar triangles, ADP : BCP : : AD» : BC; 
whenca, by "diviaon,"ADP — BCP=ABCD:BOP:: AD^ — BC : BC^. 

In Ultc manner, comparing EFP andBCP, we get EBCF ; BCP : ; EF'-BC ; BC'- 
Combining these two proportions, we have 

ABCD : EBCF : : AD' — BC : EF" — BC ; 
or, m + »:»i::AD= — BC:EF' — BC. 

■Whenea (m+ njEF" — m.BC — « BCs = in, AD^ — m.BC; 



'j/ CZt'-" -^)- 



Alsft from tlie similar triangles formed by drawing BL parallel to CD, we have 
_ BAXEK _ AB(EF — B C) 
~ AD — BC ■ 



A1:EE::BA:BE = - 



(545) Let BEFC = --j-- ■ ABCD = o; let BO =6; 3iL = h; ai 

AD— BO = c. Also letBG = i; and EF=y. Draw BL parallel to CD. Bysi: 
ilar triangles, AL : EK : : BA : BE : : BH : BG ; or, AD-EO ; EF-BC : : BH ;B( 

Also, the area BEFC = a = 4 . BG (EF + BO) — i a: (jr + i) ; whence y = — - 
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408 DEHOUSTRATIOBIS. [app. n 

Substdtuting this valne of y in the expression for x, and reducing, we obtain 
_ I 2 6ft 3 oft , , ift , //2 aft , 6>fo v 



; whence w 






Tha second proportion above gives y — ^'^X ' ^''ence y ^ 6 + - • x. 
Beplacing the Bjmbola by their lines, we get the formulas in the text 

(546) ABEP=JABCD. But ABRP = ABEF, beoanse of the eominon part 
ABRF, and the triangles FEP and FRE, which make up the two figures, and 
which are equivalent because of the parallels Fll and PE. So for the other parts. 

(547) The truth of the foot-note is evident, since the fii'st line bisects tlie tra- 
pezoid, and any othei' line drawn tbrough ita middle, and meeting the parallel 
sides, adds one triangle to each half, and takes away an equal triangle ; and th\i« 
does not disturb the equivalency. 

(548) In Fig. 386, sinee EP is pai'allel to AB, we have ADG : EGF : : GH= : GK». 
EGF is mada up of the ti-iangle BOG = a', and the quadrikteral BEFC = 

— -J— ■ ABCD = ——r — ■ ■ (« — "')■ Henoo the above propoi'tion becomes 

(m + ,>)a:ma + na'::QH':GK^; whence GK = GH|/(^J^^y 

GE is ^ven by the proportion GH : GK : : OA : GE = (}A • ^. 
In Fig. SSfl, the divieion into p parts is founded on the same principle. The 
triangle EFG = GBC + EFCB — a' + ^ Now ADQ : EFG : : AG' : EGs ; 



/(SI). 



or, o'-l-Q:a'4--::AG=;EG»; wheaceGE = AQ 
P 

GL is obtained by taking the triangle LMG = i('+ — ; and ao for tha rest. 
P 

(55i) I F g B J in FC d GO B f th p 11 Is CA and BF, the 

t IFD-adll 1 Ittthqdlt I ABCD 1 which GOD will 
h f b 1 aJf d be f th p 11 1 GE d CH, EHDC will be 

«1 1 t to GOD 

(553) In Fi 391 1 y I w g rt 1 th q i 1 t 1 bid! 

toth qaltpt h plf qltrtpd and 

q 1 t t gl Th fh q 1 t 1 t h b t f TO d b} 

m fthpallla,toththeeq Itqdiltlsb tl 

fig Th f Ud 1 pm t fth p f 1ft an f th t d t 

I Fig 9, d wC( Th CBQ = 3ABCD BtOKQ = tQQ. Th f 
CKQB = i ABCD. So for the other division line. 

(55fl) The division of the base of the equivalent triangle, divides the polygon 
amilarly. The point Q results from the eqiivalenoj of the triangles ZBP and ZB(3i 
PQ being parallel to EZ. 
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APPEHDIX 0. 



le 'way. It 'will be determined 



INTRODUCTION TO LEVELLING. 

(1) Tbe Principles. LEVKltiNO is the art of fiading hoiv mucli one poiut 
is higher or lo'wer than anothar ; i. e., how much one of the points ia above or below 
a level line or surface which passes through the other point, 

A leuel or horieonlal line is one 'whicli is perpendicular to the direction of gi'ay- 
it;, as indicated by a plnmb-line or Bimilar means. It is therefore parallel to the 
surface of standing water. 

A level or horiionial surfime is deSaed in the s 
by two level lines 'which intersect each other.* 

Levelling may be named Vebtioat. Survevinq, or Dp-and-dimoi Surveying ; the 
anbjeot of the preceding pages being Horiionial Surveying, or Right-and-left and 
F^re-and-afi Snreeying. 

All the methods of Horizontal Sarveying ma,y be used in Vertical Surveying. 
The one which will be briefly sketched here corresponds precisely to the melhod 
of " Surveying by oifeets," founded on tha Second Method, Art, (6), " Reotangular 
Co-oi'dinates," and fully explained in Arts. (114), Ac. 

The operations of ievelliog by this method consist, firstly, in obtiuning a level 
line or plane ; an3, Eooondly, in measuring how far below it or above it (usually 
the former) are the two poiota whose relative heights ace rec[uired. 

(3) Xhe Instruments. Alevel Fig. as. 

line may be obtained by the following 
simple inatrument, called a " Phanb-Une 
leaeir Fasten together two pieces of 
wood at right angles to eaoh other, so as 
to make a T> and diaw a line on the up- 
r^ht one so as to be exactly perpendicu. 
laT to the top edge of the other. Snapend 
a plumb-line as in the figure. Fix the T 
against a staff stuck in Ihe ground, by a 
Eeraw through the middle of the cross- 
piece. Turn the T till the plumb-line 
exactly covers the line which was drawn. 
Then will the uppei' edge of the ci'Osa-piace be a level line, and the eye can sight 
acroaa it, and note how far above or below any other point this level line, pro- 
longed, would strike. It wiU be easier to look aovosa sights fixed on eaoh end of 
ihe cross-piece, mating them of horsehair stretched across a piece of wire, bent 
into three aides of a aquare, and stuek into each end of the uroas-piece ; taking care 
that ihe hairs are at exact! J equal heights above the upper edge c 









br ths ] 



™i,ana-«. 
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LETELUNG, 



A raodificatioQ of this ie to fasten u common 
ca['peiitei''e equaro in a slit in the top of a etaif, 
by meana of a screw, and then tie a plumWine 
at the atiglo bo that It may hang besida one aruT. 
When it lias been brought to do so, by turning 
the square, then the other arm will be level. 

Another simple instrument depends upon the 
Drineiple that "water always fiads its level," 
corresponding to the second paM of our defini- 
tion of a level line. If a tnbe be bent up at each 
end, and nearly filled with water, the surfaco of 
the water in one end will always be at the same 
height 09 that in the other, however the position 
of the tube may vary. On this trnth depends the " Water-UveV 




1, lead, copper, Ac, 



p, with colored water. Bliia viti 
Cork their mouths, and fit the i 
j-ipod. Figuresof joints are given 



easily constmoted with a tube of t' 

angles, an inch or two of each tad, 

and supporting the tube, if t«o 

flexible, on a wooden bar. In these 

ends cement (with putty, twine 

dipped in white-lead, &a,\ thin phi- 
als, with their bottoms broken of^ 

so as to leave a free communioation. 

between them. Fill the tube and 

the phials, nearly to their top, with 

may be used for coloring if 

steady but flexible joint, to 

of tripods onpE^ 133, 

To use if, set it in the desiced spot, place tlie tuba by eye nearly level, remove 

the corks, and the envfaces of tlie water in the two phials will come to the same 

level. Stand about n yard behind the netireat phial, and let one eye, the other 
being closed, glance along the right-hand ade of one phial and the left-hand side 
of the other. Eaiae or lower the head til! the two surfaces seam to coincide, and 
this line of sight, prolonged, will give the level line desired. Sights of equal 
height, floating on the water, and rising above the tops of the phials, would give 
a better- defined line. 

The " Spirit-leiiel" consists essentially Tig.4is, 

of a curved glass tnbe nearly filled with 
alcohol, but with a bubble of air left 
within, which always seeks the highest 
spot in the tube, and will therefore by 
its movements indicate any change in 
the position of the tnbe. WTicnever the bubble, by raising or lowering one end, 
has been braught to stand between two marks on the tube, or, in case of. expan- 
sion or contraction, to extend an equal distance on either side of ihem, the bottom 
of the block (if the tube be. in one), or fights at each end of the tube, previously 
properly adjusted, will be on the same level line. It may be placed on a board 
fixed to the top of a staff or tripod. 

When, instead of the sights, a telescope is made parallel to the level, and Tsri- 
ons contrivances to increase its delicacy and accuracy are added, the instrument 
bacomaa the Engineer's spirit-leveL 
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App. c] The Practice, 4ii 

(S) The Practice. By ■wliioheTer of these various means a level line 
has been obtained, the Bubaaqueiit operations in making use of it are identical. 
Since the " water-level" is eaailj made and tolerably aeourate, we will suppose it 
to ba employed. Let A and B, Fig. 

419, vepreaent tJie two points, the Fig, ilfl. 

difference of tlie heights of which is 
required. Set the inetcument on 
any spot from which both the points 
can be seen, and at such a height 
that the level line will pass above 
the highest one. At A let an assist- 
ant hold a rod gradnated into feet, 
tenths, &C. Turn the instrument to- 
wards tho staff, sight along the level 
line, and note what division on the 
staff it Btkihes. Then send the staff 

to B, direct the instrument to itj and note the height observed at that point. If 
the level line, prolonged by the eye, passes 2 feet above A and 6 feet above B, the 
difference of their heiglils is 4 feet. The absolute height of the level line Itself ia 
a matter of indifference. The rod may carry a target or plate of iron, clasped to 
it so as to elide up and down, and be fixed, at wilL This tai^et may be varionsly 
painted, most simply with its upper half red and its lower half white. The hori- 
zontal line dividing the colors is the line aghted to, the target b^ng moved up 
or down till the line of sight strikes it. A hole in the middle of the target shows 
what division on the rod coincides with the horizontal line, when it has been 
brought to the right height. 

If the height of another point, C, Fig. 420, not visible from the first station, be 
required, set the instrument so as to see B and 0, and proceed exactly as with A 





and B. If be 1 foot bolow B, as in the figure, it will be B feet below A. If it 
were found to be "I feet above B, it would be 3 feet above A. The comparative 
height of a series of any number of points, can thus be found in. reference to any 
one of them. 

The beginner in the practice of leveUing may advantageously make in his note- 
book a sketch of the heigjitfi noted, and of the distances, putting down each as it 
»nd imitating, as nearly as his accuracy of eye will permit, their pro- 
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[A, 



porljonal dimenniona.* But when fJie obaervatioDH are numerous, thay slionld be 
kept ia a tabular form, SQoh ae that which ie given Ijelow. The names of the 
points, or "Stations," whose hoiglila are demanded, are placed in the first oolnmn ; 
and their heights, as finally ascertained, in reference to the first point, in the last 
colnmn. The heights above the starting point are mflflred +, and those below it 
are marked — . The back-sight to any station is placed on the line below the 
point to which it refers. Wlien a back-sight cioaeds a fore-sight, their difference 
is placed in the oolnmn of "Rise;" when it is less, their difference is a "Fall." 
The followii^ table represents the same observations as the last figure, anil their 
careful comparison will explain any obaeurities in either. 



SlaUona. 


DlstBDMS. 


Back-Blghta. 


Foie-sighlB. 


R,.. 


F.a 


TotalHBightfl. 


A 












0.00 


K 


100 


2.00 


6.00 




- 4.0C 


-4.00 


c. 


60 


B.00 






- 1.0( 


-6.00 


D 


40 


2.00 


1.00 


+ 1,0C 




-4.00 


E 


70 


6.00 


1,00 


+ 5.0C 




+ 1.00 


P 


50 


2.00 


6.00 




-4.00 


-8.00 


15,00 


18.00 


-B.00 



file above table shows that E is 4 feet below A; that C is g feet below A; that 
E is 1 foot above A ; and so on. To teat Bie oalculaljons, add np the bactsights 
and fore-^bts. The difference of the sums shonld eqnal the last " t«tal height," 

Another form of the levelling field-book is presented below. It refers to the 
same stations and levels, noted in the previous form, and shown in Fig. 430. 



SbiUoDS. 


MBtances. 


Back^lglls. 


Hi. Inst, above Datum. 


Foro^ghU. 


Total Helghte. 












0.00 


B 


100 


9.00 


+ 2.00 


6,00 


-4.00 


C 


60 


3.00 




4.00 


-5.00 


D 


40 


2.00 


-S,00 


1.00 


-4.00 


E 


w 


6.00 




1.00 


+ 1.00 


F 


50 


2.00 


+ 3,00 


6.00 


-3.00 


15.00 


18.00 


-3.00 



In the above form it -will be seen that a new oolnmn is introduced, containing 
the Height of the Instrument (L e., of its line of sight), not above the ground 
where it stands, but above the Ilatnm, oi starting-point, of the levels. The former 
columns of "Rise" and "Fall" are omitted. The above notes are taken thus: 
The height of the starting-point or " Datura," at A, is 0.00. The instrument being 
set up and levelled, the rod ia held at A. The back-sight upon it is 2.00 ; there- 
fore the height of the instrument is also 2.00. The rod ia next held at B. The 
fore-sight to it is 6.00. That point ia therefore 6.00 below the instrnmenf, or 
2.00 — 6.00 = — 4,00 below the datum. The instrument is now moved, and agam 
set up, and the back-sight b> 3, being 3.00, the Ht Inst ie —4.00 + 3.00 = — I-OO ■ 

* iDajofieiire, thelimltsortJiepaiolwvoraadeit neoeKjnjtocnntriiotUiehoiiioiitaldlataBMa 
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App, c] The Practice. 413 

and so on : tlie Ht. Inst, being alivBjs obtained by adding tlie back-sight to the 
height of liie peg ou -which the rod ia held, and the height of the next peg bemg 
obtained by eublracting the fore-sight to the rod held on that peg, from the Ht. Inst 

The level lines given by these instramenta are all lines of apparent level, and 
not of true level, which should curve -with the aurfaee of the earth. These level 
lines strike too high; hat the difiereace is very small in sights of ordinary length, 
being only one-eighth of an inch for a sight of ope-oigUth of a mile, and diminishing 
as the square of the distance ; and it may ho eonipletely compensated by sotting 
the instrument midway between the points whose difference of level is deaired ; a 
precaution which should always be taken, when possible. 

It may be required to show on paper the upe end downs of the line which has 
been levelled; and to represent, to any deared scale, the heights and distances of 
tlie various pMuts of a line, its ascents and descents, as seen in a side-view. This 
is called a " Profile" It is made thns. Any point on the paper being assumed 
for the first station, a horizontal line is drawn through it ; the distance t^ the next 
station is measured along it, to the required scale ; ut tlie terminatian of this dis- 
tance a vertical line is drawn ; and the given height of the second station above or 
below the first is set off on this vertical hne. The point thus fixed determines 
the second station, and a line joining it to the first station represents the slope of 
the ground between the two. The process is repeated for the next station, Ac. 

But the rises and falls of a line are always vary small in proportion to the dia- 
taneea pa^ed over ; even mountains being merely as the roughnesses of the rind 
of an orange. If the distances and the heights were represented on a profile to the 
same scale, the latter would be hardly visible. To make them more apparent it 
is usual to "exaggerate the vertical scale" ten-fold, or move; j. e,, to mate the 
representation of a foot of height ten times as great as that of a foot of length, as 
b Pig. 420, in which one inch repcesenta one hundred feet for tie dbtances, and 
ten feet for the heights. 

The preceding Introduotjon to Levelling has been made us brief as possible ; but 
by any of the simple instruments deaeiibed in it, and either of ifa tabular forma, an; 
peraun can determine with auffiinent precision whether a distant spring is higher or 
lower than his house, and how much ; as well as how deep it would be necessary 
to out into any intervening hill to bring the water. He may in like manner aseer- 
tain whether a swamp can be drained into a neighboring brook ; and can eut the 
necessary ditches at any given slope of so many inches to the rod, Ac, having thus 
found a level Ime ; or ho can obtain any other deaired information which depends 
on the teiative heights of two points. 

To explain the pecaliarities of the more elaborate levelling inatcumenta, the 
precauUona necessary in their uac, the prevention and correction, of errors, the 
overcoming of ditBculties, and the various corapUeated details of theli' applications, 
would require a great number of pages. This will therefore be reserved for an- 
other volume, as announced ia the Preface. 
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IIAIYTICAI TABIE OF CONTEITS. 



CENERAL PRmClPLES AND FFSIOAMEKTAL METHODS. 
CHAPTER I, DcOnitloiis unit IlIeUiiMls. 



1) Surrcjing defined 

iS) When a jioint is determined. . 
3) Determining liues and eni'faceB 
To determine paints. 

S) Mrst Method 

'6) Second do 

'<t) Hard do 

8) Fourth do 

;iO)-K/3:ft do 



Division of Hie subject. 
(13) By the methods emplojed . 

(13) B; the inetrucaeuts 

(14) By the olgecta 

il«) By the extent 

(16) Arrangement of thia book. . 

(17) The thrae operations commo 

to all Burveying 



CUArTEB H, Mating the Measurements. 



MeasKring straight lines. 
(19) Actual and Visuallines ... 

'aO) Gnnter'a Chain 

■ai) Pina 

"83) StKTes 

'33) How to chain 

34) Talliea 



(36) Chaining on slopes 
(28) Tape 
(3») Rope, ie. 
(SO) lUds 

(32) Measuring whee! 

(33) MeaauriiKi Anqle': 

(34) Notinq the M'Jtswreiiienis 



CHAPTER 111. Draving the Map. 



[36) A Map defined 26 

136) Platting 25 

[37) Straight lines 36 

(38) Ares 2S 

(39) ParaUals 26 

(44) Perperidieulars 21 

«)AnsI.. SB 

(42) Drawing to spale 28 

(44) Scales 29 



(45) Scales for farm anrvojs 29 

(46) Scales for state surreys 31 

(47) Seaies for rwlTOad surveys . . 32 

(49) How to muke scales 33 

(50) The Vernier scale 36 

(61) A reduced Boole 86 

(52) Sectoral scales 36 

(53) Drawing scale on map 3l 

(64) Scale omitted 37 



CHAPTER IV. Calculating lh« Content. 



(65) Content defined . . 

(66) HoHzontal meaam 

(571 Unit of content 

(58) Redcctiona 

(5») Table of Decimals of an acre . 

(60) Chain correotioa 

(61) Bonndary lines 

MeIBODS 0? CALOUtATlON. 

(63) First Method, Anthmelkalli/. 

(64) Rectangles 

(65) Triancles 

(66) Parallel ogrania 

(67) Tfapezoide 



(68) Quadrilaterals ' 

(68) Curved boundaries • 

(70) Second Melhod, Geometrically ' 

(71) DiviELon into ti^angles ' 

(731 Graphical mulUpSioation . . , ■ 

(73) Division into trapezoids.. ■ . ' 

(74) Do. into squares ' 

(751 Do, into parallelograms ■ 

(761 Addition of widths . 

(77) Third Melliod, InstruaierUallg 

(78) Reduction to one triangle . . 

(84) Special iastmmenta 

(87) Fourth Method, Trlgonomelri- 



Hosted by 



Google 



CHAIN SlIRVEVING. 
CHAPTER I. SurTeyiiig by Diagooals. 



(»0) A threa-sided field B8 

(»1) A four-Bidad field 69 

(93) A many-aided field 60 

(9S) How to diTide 6 field 61 



Keeping the fieldritotes 62 

(94) By sketch 63 

(95) Incolurans 63 

(96-9?) Plel J-books 64 



CHAPTER II. SuryeyiQ^ by Tic-lines. 



CHAPTER HI. SurveylB^ by Pcrpeadiculars. 

Jb set mit Perpendiculars. 

(104) By Surveyor'B Cross 6B 

(107) By Optical Square 10 

(10§) By the Chain 12 

Diagonals and PirpemHenlara. 

(110) A three-sided field 72 

(111) A four-Bided field IS 

(112) A many-sided field 1i 

(lis) By one diagonal T5 



(114) Taking offsets 

(IIT) Doable offsets 

(118) Field work 

(119) Platting 

(130) Calonlating content 

(121) When eqnidistant 

(133) Erroneous rules 

(laS) Reducing to one triangle 

(124) Equalizing 



CHAPTER IV. Surveying by tlic methods comMncd. 



(125) CombinatioQ of the three 

preoeditig methods 

(13T) FieJd-booka 

(130) CalcnltttioBs 

(131) The six-Une eystem 

CHAPTER T. Obstacles to Measurement in Ciiain SnrTeyin^. 



(133)EscP.plJona 
(134)lQao<!essi'-^ 
(13fi) Roads . 
137) Towns 



{13§) The obsfaulea to Alinement and Moasureraent : 

(139) LandGkomstrs ! 

Fi'ablems on Perpendiculars. 

(140) Probt.em 1. To erect a perpendicular nt any point of a line ' 

(143) 2. " " when the point is at or near the 

end of the line 

(14§) S. ■' " when the line is inacoesBilile ... ' 

(150) 4. To let fall aperpendicularfromagiven point toagivenline 

(153) B. " " when the point is nearly oppo- 

site to the end of the line. . . li 
(156) 0. " " when the point is inaeoessible.. 1 

(158) 7. " " when the line is inaeoessible. . . 1' 

Problems on Parallels. 
(160) Pkoblem: !, To run a line from a given poiut parallel to a given lino. 1 



Hosted by 



Google 



Obstacles to Alikeuemt. 

A. To prolong a line : 

(1691 By rangingmtli rode lOB | (19'4) By tranaVBrsals : 

(171) By perpendiculars 106 I (ITS) By LarmoniE conjugates. . . '. 

(lyiSS) By equilateral triangles . . . 106 1 (176) By the complete quadri- 
(173) By Hyminstrieal ti-iangles,. lOl | lateral '■ 

B. To interpolate poind in a line : 

(1T7) Signals 109 I (1§1) Witii a fdngle person 1 

(178) Banging 109 (182) On water 

(179) Aoroas a valley 110 (IS3) Througli a wood. 

(ISO) Over a hill 110 | (184) To an invisible " 

ObBTAOLES to MEASimEHENT, 

A. When both ends of the line are accessible 

perpendiculars 118 I (189) By tramverBalE 



(»»«) 

(198) 

(lor 

(19* 
193J 
(196 



B. When one end of the line is inaccessible 

By perpendiculars IIB | (198) By transversals 

By parallels 116 (199) By hflrmonio division . . 

By a parallelogram lie (200) To an inaooassiUe line. 

By symmetrieal triangles. . 116 ] (301) To an inacc intereectioi 



C. When both etide of the line are inaccessible 

!) By similar trianglea 119 1 (904) By a para,lleIograin 

I) Sj parallols 119 | (905) By symmetiicai tiiangles. . 



(907) 1 

(908) q 



INACCESSIBLE AREAS 

121 I (909) Polygons. 



COMPASS srRVBvmc. 

CHAPTER I. Angular Surreying in general. 



(310) Priadple 

(911) Definitions 

(3 1 3) Goniometer . . . , 
(31,4) Howtoaseit .. 
(315) Improvenients . . 



s of Polar Snr- 



CHAFTBR II, The Compass. 



(931) Tlie Needle 

(932) The Sights 

(333) The Telescope 

(934) The divided Circle. . 

(935) The Points 

(326) Eccentricity 

(397) Levels 



(398) Tangent Scale 

(929) The Vernier 

(930) Tripods 

(931) Jacob's Staff 

(939) The Priamatie CompaEs... 
(934) The defects of the Compass. 



Hosted by 



Google 



CHAPTER III. Tbe Field-work. 



(935) TQkmg BeannKS 1 

(238) Why E. and W. are re- 
versed. . 1 

(2ST) Eeading with Vernier. , 1 
(33S) Practical Hints 1 

Mute stations. Bet be^ds 

fan Level otoSBWsyB, Do 

needle Keep 

m had. Keadfrom 



(389) T m ; 

(340) E k „h . 

(341) LochI Atl.ro 



(343) Angles of defleetion. ... 141 
(243) Angles between oouraes . ■ 146 

(344) To change Bcanngs 146 

(245) Lino Surveying 147 

(346) Ctecks by intersectii^ 

beuinga 14S 

(247) Keeping tlie Field-notes 348 
(3»1) New York Canal Maps. 149 

(353) Farm Surveving 150 

(354) Field-notes 151 

(266) Teats of accuracy 163 

(358) MelliodofEadiation... 164 

(359) Method of InteraccfJOQ. 154 

(360) Running ant old lines.. 1B4 

(261) Town Surveying 16S 

(362) ObatHcles in Compass Sur- 
veying 1B6 



4;UiPTEK SV. flatUiig the Surycy, 



(363) Platting in general 

(264) With a protractor , 

(365) Platting bearings 

(368) To make the plat eloaa'. . . . 

(269) Field platting 

(STS) With a paper protractor . , 



(273) Drawing-board protractor . 165 

(374) With a i<cale of chords 166 

(375) With a table of chords .... 167 

(376) Withatableofiiaturalsiaaa IBS 
(277) By Latitudes and Depart- 



. 168 



CHIFTER T. Latitudes and Departures. 



\) Deiinilaons 169 

I) Calculation of Latitudes 
and Departures I70 



(292) Tesdng si 
(2§3) Supplying 01 

(284) Ba'aneipg 171 

(285) Platting 178 



CHAPTER ri, Calculating: the Content. 



(389) J. 

(390) 

(291) 



1) Methods . . . , 
■) Definitions . , 
) Longit'iides . ■ 



(393) Generalrule 

(293) Tofiiideastorweststatio 

(294) Esamplfll 

(396) EKan:iples2to 18 

(297) Maacheroni's Theorem. , , 



CHAPTER VII. The Variation of the Magnetic IVeedle. 



(39§) Definitions 

(299) Direction of the needle... 
To iklermine the true meridiat 

(300) By equal shadows of tl 



(301) By the North 3Ur when in 

the meridian 1 

(302) Times of oroeaing the me- 

(!t03) By the North Star when at 



To dete 



letheii 



(308) By the bearing of the sts 

(309) Other methods 

(316) MagnalJo variation in f 

United States 

Line of no variation . . . 
lines of equal variatJoi 

Magnetic Pole 

(311) To correct magn. bearin| 
■ (312) To survey a line with ti 






Hosted by 



Google 



CONTENTS. 
CHAPTER nil. Changes in the Variation. 



(3 1 4) Irregular cJiangta 303 

(3(5) Tho Diurnal change 203 

(aiei The Annual Change 304 

(317) The Secular change 204 

Tables for United States. 305 
To determine the secular 



{31 8) By interpolation 305 

(319) Byoldtines 206 

(330) Effects of this change .... 201 

(321) To van oat old lines 308 

(33S) Example 203 

(323) Remedy for Uie evils of 

the secular change 210 



TRMSIT AND THEODOLITE StIRTEVlNd. 

(BY THE 3d METHOD.) 

CHAPTER 1, The Instrumeuts. 



385 
(326) 
(327) 
(33S) 
(330) 
(S30) 

331 
(333) 



General descripUon of Ihe 
Transit and Theodolifo . , 

The Transit 

Tho Theodolite 

Distinction between them . 
Sources of their accurnoy . . 
Explanation of the fij^res. 

Sectional view 

Teleacopes 

Crass haivs 

loetrumeutal parallax 

Eye-glass and object^la^ . 



334) 
(335) 
33«) 



(340) 
(341 
(343 



Supports aSl 

The Indexes. Eooentrioitj. 321 

The graduated circle 223 

'lovementa. Clamp and 

Tangent screw 228 

Levels 324 

Parallel plates 225 

Watch Telescope 236 

The Compass 226 

Theodolites 236 

Goniasmometre 227 



CHAPTER II. Verniers, 



(343) Definition 228 

(344) Illustration 328 

(345) General rules ; 229 

(34fi) Retrograde Vemieca 2S0 

(347) lUustration 281 

(348) Mountain Barometer SSI 

(349) Circle divided into degrees. 282 

(350) Circle divided to SO' 233 



(351) Circle divided to 20' 335 

(353) Circle divided to IB' 236 

(353) Circle divided to 10' 2S7 

(354) Beading backwards 387 

(355 Arc of excess 23S 

(35©) Double yerniers 288 

(357) Compass Verniers 239 



CHAPTER 111. Adjustments. 



(35S) Their object and necessity . 240 

(359) The three requirements in 

the Transit 240 

(360) Mrst AdJMlmttU. To cause 

the cirele to be horizontal 

in every position 241 

Verification 241 

Rectification 241 

(301) Seeond A^u^lment. _ To 
cause the line of eolUma- 
tion to revolve in a plane 243 
Verification 242 



Rectification 243 

(362) IntlieTheodolite 246 

(363) Third A(^uaS>imtt. To cause 

tlie tine of oollimation to 
revolve in a verlicBl plane 246 

Yerificatiou (plumb-line; 
star ; steeple and stake) 246 

BectificalJon 316 

(364) Centring eye-piece 241 

(305) Centnn^ objeci-glass 247 

Adjusting line of coHi- 
mation 348 



Hosted by 



Google 



S^ilAPTEB IV, The Ficld-worK. 



(368) 
(369) 

(STO) 
(371) 



u measure a hurizonta] 

iinjjie 260 

Kfductioa of Ligb and 

lowolgects 2Sl 

Notation of angles S62 

Probabla error a63 

To repeat ao angle .... 253 
Aogles of deflection.... 3G3 



(373) Liiie-eurvejiiig SB4 

(S7S) Traveraiiig, or surveying 

by the back angle., . '264 

(374) Use of the 0«mpa»a 255 

(37$) Measuring dietaucea with 

a teleaaope and rixl . . 260 

tS7fi) Ranpng out lines 257 

(37'!') Farm-survejiPg 258 

(378) Platting 259 



TRIlNCrLAR SITRTEYIIVO. 

(BY THE iih METHOD.) 



(379) Principle 260 

(380) Outline of operations 260 

(381) Measuring a base 2fil 

Materials 261 

Supports 282 

Alinement 262 

LflvelliDg 262 

Contacts 363 

(3SS) Corrections of Base 263 

(383) Cboice of stations 263 

II. S, Goaat SnTvey Ex- 



(3§4) Signals . . 



. 366 



(385) Observations of the angles,. 291 

(386) Reduction to the centra ... 368 

(387) Correotion of the angles ... 370 
(38§) Calonlation and platUng. . . 370 

(389) Base of Verification 27 1 

(390) Interior filling up 271 

(391) Radiating Triangulation .. . 272 

(398) Farm Triangulatjon 372 

(303) Inaccessible Areas 273 

(394) Invereion of the Fourth 

method 273 

(395) Defecto of the Method of In- 
' jrsectiona 271 



PART VI. 
TRlLIBiElR SCRVE¥IN(i, 

(BY THE 6th METHOD.) 

(396) The Problem of the three i (398) Instrumental Solution 277 

points 376 (899) Analjfical " 277 

'397) Geometrical Solution 275 | (460) Maritira " 



PART VII. 

OBSTACLES IN ASGUiAR SCRVEVINC. 

CHAPTER I. Perpendiculars and Parallels. 

(409) To erect a perpendioulat to'a line at a given point 379 

(403) To erect a perpendicular to an inaccessible line, at agiren point of it 380 

(404) To let fall a perpendieular to a line, from a ^ven paint 3B0 

(405) To let fall a perpendicular to a line, from an inaccessible point 2S0 

(40«) To let fallaperpendiBularlo an inaccessible line froraa^ven point., 281 

(407) To trace a line tlirough a given point parallel to a given Ime 281 

(408) To trace aline through a given point parallel to an iaacceBsible line.. 281 



Hosted by 



Google 



CHAPTER II. Obstacles to Alinemcnt. 

A. To prolong u line 2; 

(409) General method 282 1 (413) 'Whoii the lice to lie pro- 

(410] Bj perpendiculars 282 longed ja inacceaaible . . . 2( 

(411) By an equilateral triangle . 282 (414) To prolong a line 'with only 
(413) By ti'iangulaiioa 28S | an angular instrument. . . 2 

B. To interpolate peinis in a line 3 

(415) General method..., 2B4 I (41§) By Latitudes and Depai't- 

(41«) By a random line 284) ures,_ with transit 2 



CHAPTER III. OMacles to Measurement. 

A. When both ends of the Uni: are accessible 

(431) Previous means 287 I (423) Abcolieabase 

(433) By triangulatiou ^61 \ (434) By angles to known [ 



(435) By perpendiculars.. 

(436) By ec|ual angles.... 



end of the line is inacccssiUe 

(439) To find the distance from a 
in point to an inacces- 



sible line. . 



C. When both ends of the line are ituKoeisible . 

(480) General metliod 290 

(431) To measure an inaccessible 

distance, when a point in 

italins can be obtained. . 291 
(433) When only one point can be 

found from which both 

ends of the line can be 

seen 291 



(434) To ioterpolate a base 292 

(435) Fram anglea to two points.. 298 
(430) From angles to three points 298 
(43?') From angles to four points. 294 
(438) Problem of the eight points 236 



CHAPTER IV. To Supply Omissions. 

(439) General statement 

(440) Case 1. When the [engtk and bearing of <m^ one side are wanhnff 
Case 2. When the length ofotuetaeand Vis beanng of another a 

vmniing .........,.,, 

(4411 When the defioiant aides adjoin each other 

(443) When the deficient sides are separated from each other 
(443) Otherwise : by changing the meridian 

Case 8. When the lengths of tm? ^4ei are wantmri 

!444) When the deficient sidop adjoin each other 

445) When the deficient sides ere separated from each other 
(446) Otherwise ; by changing the meridian 

Case 4. When t/te bearings of into sides are wanting 

(44V) When the deficient aides adjoin each other 

(448) When the deficient sides are separated from each other 



Hosted by 



Google 



PART VIII. 
PLAIVE TABLE SURVEVlNCi. 



(44ft) Geooral description 303 

(450) Tha Tatle 303 

(451) The Alidade 304 

(452) Metliod of Radiation 306 

(453) Metliod of Progression 306 

(454) Method of Inteceection 301 



(455) Metliod of Ksaectian 3Dg 

(456) To Orient the Table 308 

(45T) To find one's plaoe on the 

ground 300 

(45S) Inaccessible distAnoea 310 



PART IX. 
SVBVEYIIVO WITHOCT INSTRCIIIENTS. 

(459) General priaciples 811 I (46S) Distanooa bjaound....... 818 

(460) Distances by pacing 311 (464) ADgles 314 

(461) Distances bjTisual angles. 312 (465) Methods of operation. ..... 314 

(463) Diatances by yisibility 313 | 



CHAPTER I. Copying Plats. 



(466) Neoeasity 

(4671 Stretching the paper. 

(46§1 Copying by tracing 31 

(469) ■' on tracing-paper,, "" 
(4701 " by iranafer-paper , 
(Vtl) " by punotuccf 

(472) " byint '■ 

(473) " by sqi 



(4T4) Rodueiug by aquares Bl» 

(475) " by proportional 

scales 320 

(476) " by a pantaeraph 331 

(477) " " ' 



(47 S) 1 



da.., 
ing plats . , 



CHAPTER II. Conventional Signs, 



(4T») Object 

(480) The relief ot ground .... 

(481) Signa for natural aurlace. 
(483) Signs for vegeUtion . . . . 



. 32a I (483) Signs for water 335 

, 322 (484) Cdored topography S25 

. 834 (4§5) Signs for detached objects . 321 



CHAPTER III. Finishing the IHap. 



Hosted by 



Google 



PART XI. 

LATINti OCT, PARTOe OFP, AND WVIDING UP LAND. 

CHAPTER I. Laying out Land. 



(4»1) Its object 

(4ft3) To lay out aquaTes. . , 

(493) To lay out rectangles 

(494) To lay out triacgles . 



(496) To lay out clroles 883 

(49'?) Town lota 888 

(498) Laud sold for taxes 333 

499) P 



CHAPTER IL Parting off Land. 

(500) Iteobjoot 334 

A. By a line parallel to ft iids. 

(501) To part off a rectangle 336 

(503J " " a paraUdogram 335 

(503) " " a trapezoid SSG 

% By a line perpendiffular to a Hdf, 

(505) To part off a triangle 386 

(50V) " "a quadrilateral 387 

(50§) " " ajij figure 337 

C. By a line running in any given diredion. 

(509) To part off a triangle 8S7 

(511) " " a quailrllateral 338 

(513) " " any figure 339 

D. By a line aiariinff from a given point in a aide, 

(514) To part off a triangle 33S 

(516) '■ " B quadrilateral 840 

(517) " " any figure 340 

"& By a line passing throvgh a given point mthin the field, 

(519) To part off a triangU 342 

(520) " " a quadriktacal 343 

(522) " " anyflgure 844 

F. By the ihorlesf possible line. 

(593) To part off a triangle 346 

(534) G. Land of variaile value, 34S 

(525) H. Straightening crooked fmeea 346 

CHAPTER in. Dividing up Land. 

(596) Arrangement 84T 

Division of Triangle!. 

(527) By lines parallel to a aide 347 

(52S) By lines perpendicular to a eide 348 

(529) By lines running in any given direetion 348 

(530) By lines starting from an angle 349 

(531) By linea staFling from, a point in a aide 349 

(535) By lines paBsing through a point within the triangle 361 

540) Do. the point being to be found 853 

(541) Do, the point tobe equidistant from the angles 363 

(542) By the atiorteet posrible line 364 

Bivision of Sectartglei. 

(543) By lines parallel to a aide 3B4 



Hosted by 



Google 



Simmon of Trapezoids 
(844) By lines parallel to the bases 
(546) By lines starting from pomta in a side 
(54T) Otlier OBses . . 

DiitsionoJ QuadnlaieraU 

(548) By linea parallel to a aide 

(549) By lines perpcndLcular to a side 
(5ftO) By lines running in any given diieotion 
(551) By lines starting trom an angle 

(553) By linea starting fiom points in a side 

(554) By lines passing tliroii|,li a point wit^m the jigiiie 

(555) By lines running m any given direction 

(556) By lines starting from an angle 

(557) By lines starting from a point on a, side 

(558) By lines paasinp, thiou^h a pnmt within the hgurc 

(559) Otiicc Problems 



PART XII. 
TNITED STATES' PPBLI€ LANDS. 



(560) Genera! pyatem 368 

(561) Difficulty 864 

(SOS) Bunning township lines.. . . 366 

(563) Eunning aecljon tiues 368 

(564) Eioeptionalinethods 370 

Waterfronts 370 

Geodotio method 371 



Meandering . . . 
(565) Marking lines. . . 
566) Marking cotnars. 
(56T) Field-books 

Township lines 

Section lines . . 

Meandering. . , 



APPENDIX. 
APPEIIIIDIS i. Synopsis of Plane Trigonometry. 



(1) Definition S79 

(3) Angles and Arcs 319 

(3) Tidgonometiioal lines S80 

(4) The lines as ratios 8S1 

(5) Their variations in length .... 381 

(6) Theirchangoaofagn.'. 382 



(7) Their mutual relations. . 

(§) Two aces 

(9) Double and half arcs . . . 

(10) The Tables 

(11) R^ht^angled trianglos. . 

(12) ObUque-angled triangles 



APPEKDIS B. Demonstrations of Problems, &c. 

Theory of Transversals 887 I Proofs of Problems in Pact V, . . 



Introduction to LeTCIIii^. 

... 409 I (3) The Praelice 411 



Hosted by 



Google 



TKAVERSE TABLES: 



LATITUDES AND DEPARTURES OF COURSES, 



OALODLATBD TO 



THREE DECIMAL PLACES: 



EACH QUARTER DEGREE OF BEARING. 



Hosted by 



Google 



LATITUDES AND DEPARTURES. ] 




S - 

_*_ _ 

0= 


1 II 


a I 


3_ 1 


■4 


5 

Lat. 


ah 
-| 

90" 




Lat. 


^2l 


Lat. 


Oep. 


Lat, 
3-000 c 


^ 


Lat. Dep. 




4-000 


-000 


5.000 








O.OD4 




■009 


3.000 


'01 3 


4-000 




5-00O 


89} 








0.000 




-017 


3.000 


-026 


4.000 


-o35 


5.000 


89i 








O.OlS 




.os6 


3.000 


-039 


4-000 


.052 


5.000 


891 




1 




0.017 




.o35 


3.000 


.052 


3.999 c 


.070 


4.999 


80° 




■J 








■o44 


2.999 


.o65 


3.999 c 


.087 


& 


88} 




li 




o-oa6 


1.999 


.oSa 


2.999 


.079 


3.999 c 


.io5 


88i 




li 




o-o3j 


1.999 


-061 


2.999 


;d92 


3.99B c 




4-998 






0.999 


o.o35 


;:g? 




2.998 


.105 


3.998 c 


■ j4o 


4-997 


88= 






0-999 


0.039 


.079 


2-998 


-iia 


3.997 c 


.157 


4-996 


87I 






0-999 


0.044 


.-998 




.2.997 


:,.i3i 


3.996 


-X74 


4-955 


87i 






0-999 


O.048 


i-?58 


:o96 


2.997 


a.i44 


3'995 


.192 


4-9,4 


87i 




3 


0-999 


o.o5a 


1-997 


.io5 


2.996 


;i-i57 


3.995 


■ 309 


4-993 


87= 




34 


0-998 


0-057 


1-997 


-ii3 


2.995 




3-994 


.337 


4-9,2 


86} 




31 


0-9,8 


0.061 


.-996 




2-994 


o.i83 


3-993 


-244 


4-901 


86i 




3J 


0-998 


0.065 


1-996 


j.i3i 


2-99d 


0..96 


3-991 


-262 


fit 


86i 




4° 


o-,,B 


0-070 


.-9,5 


3-i4o 


2.993 


0.209 


3.990 


.279 


86" 




4i 


0-997 


0.074 


.-9,5 


a.i48 


2-992 




.296 


4-986 


.853 




4i 


0-997 


0-078 


1-994 


O.T57 


2.991 


0-235 




-3.4 


4-985 


851 




41 


0-997 


o-o83 


i?93 


0.166 


3.990 


0.248 


3-9S6 


.331 


4-983 


85i 




5° 


0-996 


0-087 


.-993 


0.174 


2. 989 


0.261 


3-985 


Is 


4.931 


85= 




5i 


o-5i6 


0-095 


1-9,2 


0.183 


2.987 


0-375 


3-983 


4-979 


84i 




5i 


0-955 


0.096 


.-991 


0.192 


2.986 








4.977 


84i 




s| 


o-»5 








2-985 


0.301 


3.980 


-4oi- 


4-975 


84i 




0= 


o-gs 


o-iob 




0.209 


2.^84 


o-3i4 


3-97B 


-4j8 


4-973 


84" 




m 


0-994 


O-IOO 




0.218 


2.982 


0-327 


3-976 


.435 


4-970 


83| 




61 


0-994 


o-n3 


■-98, 


0.226 


3.93. 


0-340 


3-974 


.453 


4-968 


83J 




6i 


0-993 


0.118 




0.235 




6-353 


3.972 


.470 


4-965 


83i 




,o 


0-993 




\'fi 


0.244 




0.366 


3-970 


-487 


4-963 


83= 






0-99= 


0.136 


1-984 


0-=53 


2.976 


0-379 


3.968 


3.5o5 


4-960 


83J 




7 


0-99. 


o.i3i 


.-9»3 


0-361 


3.974 


0.393 


3-966 


j.Saa 


4.95-; 


82i 




7 


0-991 


D.135 


,-58, 




2-973 


0.405 


3-963 


3.539 


4-954 


82i 




8» 


0-990 


0-139 


,-98. 


D.278 


2-971 




3.961 


0.557 


4:95i 


89= 




8i 




0..43 


;:s? 


0.387 


2.^9 


o-43o 


'4t 


0.574 


4-948 


8jj 




81 






0.296 


2-56? 


0.443 


"■'PI 


4-945 


8ii 




U 




0-l52 


1.977 


o.3o4 


3-965 


0.456 


3-953 


0-608 


4-94a 


8.i 




9° 


0-988 


o-i56 


1.975 


0-3.3 


2-963 


0.469 


3-95. 


0-626 


4-938 


81= 




94 


0-987 


0-161 


1.974 


0-321 


2.961 


0.482 


3-J48 


0-643 


4-933 


8oj 




91 




O.IS5 


1.973 


0.33O 


2.959 


0-495 


3-945 


0-660 


4-93. 


8oi 




9> 


0-986 


0.169 


1.971 


"■339 


2.957 


o-5o8 


3-^. 


0-677 


4-9=8 


.8oi 




10° 


0-985 


0-174 


1.970 


0.347 


2.954 


o-5ai 


tf£ 


Z^ 


4.924 


8«= 




.04 


0-984 


0.178 


..968 


0.356 


2.952 


0-534 


0-712 


4.920 


79I 




loi- 


0-983 


o-iBs 


1.967 


0.364 


2.950 


0.547 


3.933 


0.729 
0-746 


4.916 


79i 




,o| 


0-981 


0.187 


1-965 


0.373 


2.947 


0.560 


3.930 


4-9'^ 


79* 




Il- 




0.191 


1,^3 


0-383 


2.945 


0-572 


3-937 


0-763 


4-908 


19° 






0:9!" 


0.1^5 


i.^i. 


0.390 


2.P = 


0.585 


3-923 


0.780 


4.904 


■jH 






0-980 


0.199 


1-960 


0.399 


2.940 


0.598 


3.920 


0.797 


4-900 
4-695 


■jH 






V^t 


0-S04 


1.958 


0.407 


2.937 


0-611 


3-916 


o-8i5 


iH 




ia- 


0.208 


.-956 


o-4i6 


2.^34 


0.624 


3-^.3 


0-832 


^ir. 


78= 




1=4 


0.977 




..954 


o.4a4 


2.932 


0.637 


l:i2 


0.849 


4-886 


77} 




1=1 


o.y76 


0.116 


1.953 


0.433 


3.929 


0.649 


0-866 




77i 




»t 


0.^75 




1.951 


0.441 


2-926 


0-662 


3-901 


0-883 


4-877 


77i 




IS" 


o-^4 


o.aiS 


1.949 


0.450 


^.923 


0-675 


3-877 


0.900 


4-872 


VV° 




.34 


0.^3 


0-229 


■ ■^7 


0.45a 


2.920 


0.688 




0-917 


iif 


^t 




,31. 


0.973 


o-:i33 


1.945 


0-467 


2-917 


0.700 


0.934 


4-862 


■'f 




■34 


0.971 


0.238 


1.943 


0.475 


2.914 


0.7.3 


0-951 


4-857 


76 




14- 


0.970 


0.24a 


1-941 


0-484 


2.911 


0-726 




0.968 


4-S5i 


9-6= 




.44 


o'.tlt 


0-^46 


..^8 


0-49= 


3-908 


0-738 


3.877 


0-985 


4-846 


75i 




.41 


o.a5o 


1-936 


o.Soi 


2.904 




3.873 




4-841 


75i 




.« 


0-967 


o.a55 


1-^4 


'JS 


^ 


0.7& 


3.868 




4.835 


1^ 




15- 


0.^6 


o.a59 


43^ 


0-776 


3.864 


1-035 


4.830 


1-5= 




1 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep, 


Lat. 


I>«P' 


1 




1 


a 


3 


4= 


5 


\ 



iosted by 



Google 



LATITUDES AND DEPARTURES. | 


0° 


5 

Dep. 


« 11 


■7 tl 


8 II 


& 1 


90° 


Lat. 
6.000 Z 


Dep. 


Lat, 


Dep- 


Lat. 


Dep, 


Lat 


Dep. 


.000 


0,000 






6.00O 


.os6 








0.O35 




o:°39 


89I 




>o44 




.oSs 




0.061 






■999 


0.0,9 


89i 




3 -065 


5.999 


■079 


'■999 


0.092 


.999 


o.io5 


o.u8 


89i 


1° 

'i 


0-087 
D.109 


5.999 
5.999 c 


.105 
.i3i 


ly^ 


0^153 


:?P 


o.i4o 
0-175 


:?P 


o.i5, 


89° 


li 


o-i3i 


5.998 c 


.l57 




0.183 


-997 


0-209 


-997 




1} 


0.153 


5-997 ^ 


-i83 


6-997 


o.=i4 


7-996 


o.s4a 


.ge 


0.275 




9" 


0.174 


5.^ . 


■3 


5.996 


0.244 


7-995 


0.279 


-gi 


o-3i4 


8§° 


H 


D.196 


5.995 t 


6.995 


o.=75. 


7-994 


o.3i4 


-9,3 


0.353 


m 


2i 




5.594 


-s6s 


6.993 


o.3o5 


7.99s 


0.349 


.„■ 


:X 


87i 


=1 


0.240 


5.^3 . 


-s88 


6-992 


0.336 


?:% 


0-384 


.,90 


l'\ 


3" 


0.261 


5.99a 


.3i4 


6-990 


0.366 


0.419 


B.988 


o.47t 


8'!'° 


3 


0.283 


5-990 


.340 


0.397 


7-987 


0.454 


B.,86 


0.5I0 


86J 


3 


o.3d5 


5.P9 


.366 


^987 


0.427 


,.,8S 


0.488 


8-583 


0,549 


86J 


3 


0.3=7 


5-987 


.392 


6.985 


0.45B 


,.,83 


0-523 


8-981 


0.589 


86i 


4= 


0-349 


5-985 


3.419 
0.445 


6.983 




,.,8, 


0-558 


8-9,8 


0.628 


86° 


41 


0.37I 


5.984 


6.9B1 


0.519 


7.9,8 


0.593 


8-„5 


0-667 


85J 


4i 


0.392 


5.983 


D-471 


6.978 


0.549 


,.9,5 


0-628 


e-„a 


0-.706 


85J 


4 
5" 


o-4i4 
0-436 


5.979 
5-977 


0-497 
0-523 


6.976 
6.973 


0-58D 
0-610 


7.973 
,.970 


0.66s 


8-96, 


0.745 
0.784 


851 
8.1° 


Tfef 


8-966 


5* 


0-458 


5.975 


::??? 


6.971 


0-641 


,.,66 


0.73s 


8-96, 


0-824 


841 


5i 


0-479 


5.97s 


6-968 


0,671 


,.,63 


0-767 


8 -,59 


0.863 


841 


4 


o.Soi 


5.970 


0.601 


6-965 


0.701 


,.,60 


0-802 


e-,55 


0.902 


841 


«° 


0.523 


5.967 


0-6=7 


6-962 


0.732 


,.,S6 


0.836 


8-,Si 


0.941 


84° 


61 


0-544 


5.964 


0.653 


6.958 


0.762 


,.,53 


0.B71 


8-94, 




83i 


■ 6J 


0-566 


5.96, 


t%? 


6.955 


0-795 


,.,49 


0.906 


s.^. 


Hi 


831 


6i 


0-588 


5.953 


6.951 




,.,4 


0.940 


8-,38 


831 


,o 


0.609 


5.955 


0.73. 


6. 948 


o'.&li 


Tft, 


0-975 


B-,33 


1.097 


83° 




0-631 


5.952 


0-757 


6.944 




,.936 




8-928 


i.i36 


821 




0.653 


Itt 


0-7B3 


6.940 


0-914 


7-932 


i.o44 


8-523 


1.175 


8aJ 


■7 


0.674 


tttt 


6.936 


0-944 


,-9*7 


;:3 


8-,,8 


1-214 


&si 


8^ 


0.696 


5.^s 


6.93s 


0-974 


,-,22 


8-,I2 


1-253 


82° 


8i 


0.717 


5-938 


o.86i 






,-91, 


1-148 


8-90, 


V.lTo 


8ii 


81 


0.739 


5.934 


0-B87 


6.923 


1-035 


,-91! 


I -182 




8ii 


8i 


0.761 


5.930 


0.9.3 


6.919 


1.065 


,-,5, 




= .369 


8ii 


6° 


0.782 


5.936 


0-939 


6-9i3 


..095 


,-002 


i-s5i 




1-406 


81° 


9i 


0.804 


5.92s 


0-964 


6.909 


i.iaS 


,-1,6 


1-286 




■ ■447 


8o| 


9J 


0.B35 


5.918 


0-990 


6- 504 


i.i55 


]-Z 


I -320 


8-8„ 


1-485 


8oi 


9J 


O.B47 


5-9'3 


1-016 


6-899 


1.185 


1.355 


8-8,„ 


1.524 


8oi 


10" 


0.86a 


5.909 


1-042 


6-894 


1.S.6 


7.B78 


1.389 


8-863 


1.563 


80° 


lOi 


o.B^ 


5.904 


1.068 


6-888 


i.a46 


7-872 


1.424 


8-856 


1.601 


79I 


loi 


0.911 


5-900 
5.895 


1.093 


6-883 


1.S76 


7-866 


1-458 


8-84, 


1.640 


79i 


lOi 


0.933 


1-119 


6.877 


I -306 


7-860 


1-49' 


8-842 


1.679 


791 


11° 


0.954 


5.890 


1.14s 


6.871 


1.336 


7-853 


i.5s6 


8.835 




ih" 


Hi 


0.975 


5.8% 


1.171 


6.866 


1.366 


7-846 


i-56i 


8.82, 


1^756 


78J 


"i 


0.997 


5.880 


\'lf 


6-859 
6.853 


1-396 


7 -839 


1-595 


8.81, 


1.794 


78i 


"J 


1. 018 


5.874 




1-425 


7-832 


::S 




1.833 


781 


12° 


[.o4o 


5 -'86? 


1'247 


6.847 


1.455 


7-8s5 


8.8o3 


..-871 


78° 


121 


1.061 


..273 


6.841 


1-485 


7-8i6 


1-697 


8-„S 


1.910 


77J 


i3i 


1.08s 


5-858 


t.299 


6.834 


1-515 


7-8io 


1.732 


8-,8, 


1-948 


77i 


13i 


1.103 


5.85i 


I.3S4 


6.8a7 


1-545 


7-Bo3 


1-766 


8 -,,8 


1.^6 


771 


13° 


i.u5 


5.846 


i.35o 


6.8ai 


.1-575 


y-t 


1. 800 


8-, 6, 


2.2j5 


V7° 


i3 




5.840 


1.375 


6-814 


1.604 


1-834 


8-760 


2-063 


76J 


i3 


1.167 


5.834 


1.401 


6.807 


1.634 


7-779 


1.868 


8-751 




761 


13 




5-8s8 


1.426 


6.799 


1-664 


7-771 


1.90a 


8 -,42 


2. .39 


761 


14° 






I -45s 


6.79a 
6-785 


1-693 


7-762 


1-^5 


8-,33 


2.177 


76= 


i4i 


i-a3i 


5-8i5 


1.477 


1-723 


7-754 


;;2 


e-,.3 


a.2i5 


75J 


i4i 


i.aSs 


5-809 


..502 


6-777 


1-753 


7-745 


8-,i3 


2-253 


751 


i4| 


1.373 


5.80s 




6.?69 


i-78s 


7-736 


s-037 


8-,o3 


2.291 


751 


15° 


1.594 


5.796 


1-553 


6-761 1-812 


7.7S7 


Lat 


8-6,3 


S.329 


75° 

M 


Dep, 


Lat, II Dep. 1 liit. 


D.p. 


Lat. 


~3~ 


& II "7 


8 


8 



Hosted by 



Google 



LATITUDES AND DEPARTURES. \ 


15^ 


1 11 


S 


3 1 


4 !l 


5 

Lat. 
4.830 


75" 


Lit. 
3.966 




Lat. Dep. 


Lat 
7J^ 


Dep. 
0.776 


Lat. 

3-864 


Dep. 
i.o35 


7T^^ 


-5i8 


i5i 


2.965 


1.930 


.526 


2.894 


0.789 


3-850 


i.o5a 


4.824 


741 


,51 


0.584 


.267 


1.957 c 


■534 


iX 


0-802 


3.855 


;:S 


4.8t8 


74i 


is| 


0.^2 t 


.171 


1.925 


-543 


o-8i4 


3.850 


4-812 


744 


16= 


0.96, 


■ 576 


1.5=3 


-551 


2.884 


0.827 


3.845 


I.I03 


4-806 


74= 


i6 


o.?6o 


.180 


1-920 


.56o 




0-839 


3.840 


1-..9 


4.800 


73 


j6 . 


0.959 




1.918 


-568 


2.876 


0.852 


3-835 


1-136 


4-794 


73 


i6 


o.?5§ 


.288 


1.915 


-576 


2.873 


0.865 


3-830 


..i53 


4.7&8 


73 


11° 


0.556 


-291 


..9.3 


.585 


::S 


0-877 


3-825 




4-782 


73° 


i7i 


o.,55 


■597 


1-910 


.593 


0.890 






4-775 


72} 


i7i 


o.?!4 


.301 


1-907 


.601 


2-861 


0.90a 


3-815 


1..203 


4.769 


72i 


"7l 


0.952 


.3o5 


i-?o5 


■ 610 


2.857 


0-9.5 






4.76^ 


72i 


18" 


0.95, 


tl 


IT,1 




2.853 


0-927 


3.804 


1-236 


4-755 


73° 


181 


0.950 


.6a6 


::lii 


0-939 




1-253 


4-748 


7ii 


l8i 


q-948 


.317 


1-897 


.635 


0.952 




i;.! 


4.742 


7ii 


,81 


0.947 


■ 3ai 


1.894 


.643 


2.841 


0-964 




4.735 


714 


19- 


o.gs 


■326 


;:£ 


>65i 


2.837 


0.977 


3.78a 


1.302 


4.7^8 


TI= 


■9i 


0.544 


3 -330 


l:lll 


2 -832 


vh 


3.776 


1-335 


4.7=0 


701 


'91 


0.543 


D.334 


J. 885 


2-8a8 




3-771 


4-713 


7oi 


,9i 


•>9*i 


D.338 


1-882 


0-676 


2.824 


1.0.4 


3-765 


1.352 


4.706 


70I 


ao" 


o".94o 


0.34s' 


1-879 


3-684 


2.819 


.-026 


3.759 


1-368 


4.698 


vo° 




o.;38 


0-346 


1.876 


0-692 




i.o38 


3.753 


1-384 




69! 




0.937 


o.35o 


1-873 




2-810 


i.o5i 


3.747 


1.401 


4-683 


69i 




0.535 


0.354 


1.870 


D.709 


2-8o5 


i-o63 


3-74. 


1.4.7 


4.676 


69i 


31° 


6.534 


Q-358 


1-.867 


0.717 


2-801 


1-075 


3-734 


1.433 


4.668 


69= 


2,i 


0.531 


0-365 


1.864 


0.725 


2.796 


1.087 


3.728 


1-450 


4.660 


68 


a,i 


0.530 


0.367 


i-8fli 


0-733 


2.791 




3.72J 


1-466 


4-652 


68 


"i 


0-929 


0.371 


1.858 


0-741 


2-7S6 




3.715 


1-483 


4.644 


68 


sa' 


0.927 


0.375 


1.854 


0.749 


2-782 


1-124 


3-709 


1.498 


4-636 


69° 


32i 


0.5.6 


0-379 


1 .85i 


0.757 




1-136 


3.702 


i-5i5 


4-628 


67i 


2=1 


0.5.4 


0-383 


1.848 


0-765 




I -.48 


3-696 


1-53. 


4-619 


674 


=2| 


0-922 


0.387 


1.844 


0,773 


2-767 


i-i6o 


3-689 


1.547 


4-611 


67i - 


as- 


0.92, 


0.391 


I -841 


0.781 


2.762 


1-172 


3-682 


1-563 


4.603 


67° 


231 


0.9,9 


0.395 


1.838 


0.789 


2-756 


1-184 


3.675 


1.579 


4.594 
4.5&5 


m 


231 


0-9,7 


0.399 


1.834 


0.797 


3-751 


1.196 


3.668 


1.595 


66i 


■3( 


0-5,5 


0.403 


i.83i 


o.8o5 


2.746 


1.208 


3-661 


i-6ri 


4-577 


■66i 


84° 


0-9,4 


0-407 


r-827 


o.8i3 


2-741 




3-654 


1-6.7 


4. 568 


66" 


Ml 


0-9,2 




,.824 




2-735 


1.232 


3-647 


1-643 


4.559 


65} 


241 


0-910 


0.415 




0-829 


2 -730 


1-244 


3 640 


1-690 


4.55S 


65i 


24} 

35° 


0-908 
0-906 


o.4t9 


ii8i6 


0.837 
0.845 


2.724 


1-256 
1-268 


3.633 
3-625 


4-541 
4-532 


65i 
6»° 


0.4=3 


251- 


o-ro4 


0.427 


5! 800 


0-853 


IZ^ 


1.280 


3.6.8 


1-706 


4.522 


641 


251 


0-903 


0.431 


i.8o5 


0-861 


2.708 


1.292 


3.610 


1.721 


4-5.3 


64i 


25) 


0-901 


0.434 


1-801 


0.869 


2.70s 


i-3o3 


3-6o3 


1-738 


4-5o3 


64i 


36° 


0-B9, 


0-438 


1.798 


0-87? 


2.696 


1.3.5 


3.595 


1.753 


tx 


64° 


261 


o-bJ; 


o-44;i 


1.794 


0-885 


1.691 


1.327 


3.587 




633 


261 


0-855 


0.446 


1.790 


0-892 


2.685 


1.339 


3-580 


4-475 


63i 


261 


0-853 


0.450 


..7i6 


0.900 


.2.6'39 


i-35iL 


3.572 


1.800 


4-465 


63l 


37° 


0-B9, 


0-454 


1-782 


0.908 


2-673 


J.. 362 


3.564 


1-816 


4.455 


63° 


271, 


0.8B9 


0.453 


(.778 


0.916 


2.667 


.■374 


3-556 


1.831 


4-445 


62} 


27i 


0-8S7 


0.462 


1-774 


0.923 


2.661 


1-385 


3-548 


1-847 


4-435 


6ai 


2,1 




0.466 




0.931 


2.655 


1.397 


3-540 


1.862 


4.425 


62i 


38° 


0-883 


0-469 


I '-766 


0-939 


r.ai 


1.408 


3.532 


1-878 


4-415 


69" 


281 




0-473 


1,762 


0.547 


1-420 


3.524 


..893 


4-4o4 


61J 


.81 


6-8,9 


0.477 


1-758 


0-954 


2-636 


1-431 


3.5i5 


1.909 


4^3^ 


6ii 


281 


0-8,; 


0.481 


1-753 


0.962 


2.63o 


1-443 


3.507 


1.924 


6ii 


39° 


0-875 


0-485 


::?s 


0.970 


2.614 


1-454 


.3-498 


..939 


4.373 


61° 


291 


0-8,2 




0.977 


1. 617 


1-466 


3-490 


..95a 


4.362 


6oJ 


2,1 


0-8,0 


0.49^ 


1-741 


0-^85 


5.611 


1.477 


3.481 


1.970 


4-352 


6oi 


291 


0-868 


0.496 


i.73t) 


6-992 


2.6o5 


1-489 


3-473 


1.986 


4-34. 


6o| 


S«° 


0-866 


0.500 


,.732 




2.598 


I. Sol 


3-464 




4.330 


60° 


Y 


Dop- 


Lit. 


Dop. 


Lai 


Dep. 


Lat 


'^ 


Lat. 




J. 


s- 


1 


a 


8 


-i 



losted by 



Google 



LATITUDES AND DEPARTURES. { 


I 
15" 





e II 


■7 1 


8 1 


e 


75° 


.■294 


Lat. 

5.796 ^ 
5.789 


Dep, 
.553 


Lat- 


D^ 


Lat 

7.727 2 


3ep. 


Lat, 


-319 


8:^3 


(5i 


l.3i5 


.578 


■754 1 


'84i 




104 


.367 


74 


.5i 


i-336 


5.785 


.6o3 


-745 I 




7.709 2 


.i38 


8.673 


-4o5 


74 


J5i 


1-357 


5.775 


.629 


■737 I 


.900 




-.72 


8.66a 


-443 


74 


16" 


1.378 


5-768 


.654 


5.729 


.929 


?:E I 


-ao5 


8.651 


.481 


74° 


i6i 


1.399 


5.760 


-679 


5-720 


:$ 


.239 


8 640 


.5i8 


731 


i6i 




5.753 


.704 


S-7t2 


7.671 2 


.272 


8.629 


■556 


73 J 


,6i 


X-44I 


5-745 


.729 


B-703 


.017 


7.661 2 


■3o6 


8.61& 


■594 


73i 


17° 


i-462 


5-738 


.75a 


5-694 


-o47 


7.65o a 


-339 


8.607 


.631 


73° 


i7t 


1-483 


5-730 


■779 


B-685 


.076 


7.640 


-372 


8-595 


:5 


72| 


ni 


1.504 


5.72a 


.804 


5-676 - 


.io5 


7.63o 


.406 


8-5S3 


72I 


17} 


I.5M 


5. .7!^ 


.829 


S-667 


.i34 


VZl 


■439 


8-572 


.744 


72-i 


i§'> 


1.545 


5.706 


■ 854 


6-657 


.163 


-472 


8-560 


■ 781 


79° 


i8 


1-566 


5-698 


,879 


6-648 


.192 


nt 


-5o5 


8-547 




71 1 




1-587 


5.690 


-904 


6.638 




-538 


8-535 


-856 


7ii 


i8 


1.60; 


5-662 


.939 




.j5o 


7-575 


.572 


8-522 


.% 


7ii 


Ift" 


i-6a8 


5.673 


■953 


6.619 


:lll 


7-564 


.6o5 


8.510 


71° 


■91 


1.648 


5.665 


■978 




7-553 


-638 


8-497 


a. ^7 


7oi 


J9i 


[-669 


5.656 


a-oo3 


3.5J 


-337 


7-54t 


.670 


8-484 


3 -004 


70i 


195 


1.695 


5.647 


2-oa8 


6-588 


-365 


7-529 


-703 


8.471 


3.o4i 


701 


30° 


I-7I0 


5-638 


a -052 


6.578 "" 


~^ 


7-5i8 


~^ 


8.457 


3.078 


70° 




.-73i 


5.629 




6-567 


2.423 


7-5o6 


■769 


a. 444 


3-1.5 






1.751 


5.620 




6-557 


2.451 


7'4g3 


■ 802 


8-430 


3.153 








5-611 


2-126 


6-546 


2.480 


7-461 


-834 


8.416 


3.1E9 


& 


31= 


1.792 


5.601 


a-i5o 


6-535 


2-509 


7-469 


-,867 


8.40a 


a.aiS 


2li 






a- 175 


6.5a4 


2.537 


7-456 


.900 




3.262 


68| 


2li 


1.833 




2:^^ 


6.5i3 


2.566 


7-443 


2-pa 


8-374 


ts 




2lf 


1.853 


5-573 


6.5oa 


2.594 


7-430 


s-564 


8.359 
8.34S 




aa" 


[-873 


5.563 




6.490 


2.6ia 


7.417 


a-997 


3.371 


68° 




1-893 


5.553 


1-272 


6.479 


a.65i 


7.404 


3-019 


8.33o 


3-408 


■67i 




1-913 


5.543 


2.296 


6.467 


2.679 


7.391 


3-061 


8.3t5 


3.444 


671 




1.934 


5.533 


2-3ao 


6-455 


1-707 


,7-478 


3-094 


8-30O 


3.480 


67i 


83" 


.■954 


5-5=3 


2-344 


6.444 


a.735 


7-364 


3-126 


8-285 


3-517 


67° 


i3i 


1.974 


5.5i3 


a. 368 


6.432 


2.763 


7.350 


3-J58 


8-269 


3.553 


661 


i3i 


1-994 


5.5o2 


2.39a 


6.419 


2-791 


7-336 


3-190 


8-254 


3-589 
3-6i5 


66i 


.3} 


i-sn 


tt 


a. 416 


6.407 




7.322 


3.2ia 


8-138 


66J 


S40 


a.o34 


2-440 


at. 


a '.84? 


7 -308 


1-254 




3-661 


66° 


Mi 


S.054 


5.471 


2-464 


a. 875 


7 -294 




B-ao6 


3.696 


65| 


^4i 


a -073 


5-460 


a -488 


6-370 


2.903 


7-aSo 


3-3i8 


8-190 


3.732 


65i 


.4 

95° 


2-093 
a.u3 


5.449 
5.438 


2-512 


6-357 
6.344 


a-^. 


7.a65 
7-250 


3-349 
3.381 


8.i?3 


3-768 


65i 
65° 


2.536 


2.958 


8-157 


!.5 


2-133 


5-427 


lilt 


6.33i 


2.986 


7-236 


3-4i3 


8-140 


3.839 


64} 


25 


2.153 


5-416 


6.318 


3.014 




3.444 




3.875 


64i 


a5 




5-4o4 


2.607 


6-3o5 


3.o4> 


7-ao6 


3-476 


8.106 


3.9.0 


64i 


36° 


a. 191 


V£ 


a.53o 


6-292 


3.069 


7-190 


3.507 


a. 089 


3.945 


64° 


26i 




a -654 


6-278 


3-096 


7-'75 


3.538 


8.072 


3.9a. 


63J 


=6* 


2-23I 


5-370 


2-677 


6-a65 


3-123 


7-160 


3.570 


8.o54 


4-016 


63J 


.5j 


a-25o 


5-358 






3.i5i 


7-i44 


3-601 


8.037 


4-o5i 


63i 


37" 


2.270 


5-346 


2.724 


6.a37 




7.ia8 


3-632 




4-086 


63° 


i7i 


2.289 


5-334 


2.747 


6-233 


3-2o5 




3-663 




4-111 


62} 


I7i 


2.3o^ 


5-322 


a -770 




3- 23a 


7-X 


3-694 


7.983 


4-156 


62J 


a7i 


a -328 


5-310 


a. 794 


3.259 


3.715 


7.965 


4.190 


6ai 


38° 


a. 347 


tt 




3-a86 


7-064 


3-756 


7.947 


4.215 


63° 


38i 


a- 367 


2.840 


6-i66 


3-3i3 


7.047 


3.787 


7.928 


4-160 


6.|' 


28i 


2-386 


5-273 


3.863 


6.i5i 


3-346 


7-o3l 


3.817 


mt 


4.294 


61) 


a8| 


a.4o5 


5-260 


2-886 


6.137 


3-367 


7-OI4 


3.848 


IS 


6ii 


99° 


5.424 


5-a48 


2.909 


6-122 


3.394 


6-997 


3.878 


7.8?a 


61° 


=95 


a -443 


5.235 


a. 93a 


6-107 


3.426 


6.980 


3.909 


7.852 


tx 


60} 


=9i 


2-46= 


5.aaa 


a- 955 


6.093 


3.447 


6.963 


3.939 


7-833 


6oi 


=91 


a. 481 


5.209 


2-<fTJ 


6-077 


3-474 


6-946 


3.970 


7.814 


4-466 


60+ 


80= 


2.5oo 


5.19! 


3.000 


6 -06a 


3.500 


6-9a8 


4.000 


7-794 


4-5oo 


60° 


i 


Lat 


Dep. j Lat. 


Dep. 


Lat 


'^ 


Lat. 


Dep. 


■ Lat. 


■f 


6 


■7 


a 






Hosted by 



Google 





LATITUDES AND DEPARTURES, | 




S 


1 1 


,^a_ll 


3 1 


^ II 


Lat. 
4.330 


M 
60° 




30° 


Lat. 
.866 


Dep. 
.5do 


Lat, 


Dep. 


Lat. 


Dep^ 
i.5oo 


Lat. 
3.464 


D«P- 




..732 


.000 




3oJ 




.5o4 


1-728 


.008 


I'Sl 


i-5ii 


3.455' 


.oi5 


4.319 


591 




3Di 




-5o8 


1.723 


-oi5 


1-523 


3.447 


-o3o 


4.308 






3oi 


O.B59 


.5ii 




-023 


2.578 


1.534 


3.^38 


.045 


4-197 
4-i86 






31" 


0-857 


■5i5 


i-7l4 


!-o3o 


2.572 


1-545 


3-429 


■060 






3ri 


0.855 


.5.9 


-1-710 


i.o38 


2.565 


1-556 


3.420 


.075 


4.275 


58 




3ii 


0.853 


.521 


1-705 


1.045 


3.558 


1-567 


3-4ii 


.090 


4.263 


58 




3,( 


o.85o 


-526 




l-052 


2.551 


1.579 


3.401 


.7S5 


4-251 


58 




33" 


0.848 


.530 


1.696 


1-060 


2-544 


1.590 


till 




4-140 


5§° 




3ji 


0-846 


-534 


1-691 


1-067 


2.537 


1.6S1 


.134 


4.119 


57i 




3.i 


0.843 


-537 


1-687 


1-075 


2-53o 


1.612 


3-374 


.149 


4-217 


57I 




3=1 


D.84( 


-54i 




1.083 


2.523 


1.623 


3 -,364 


-165 


4 -205 


5?l 




93° 




.545 


i-677 


1-089 


2-5i6 


1.634 


3-355 


■■79 


f£ 


5*° 




33J 




-548 


1.673 


1.097 


2.509 


1-645 


3-345 


.193 


56 




33i 


0.834 


>-55i 


1-668 


r-io4 


2.502 


1-656 


3-336 


.208 


4-169 


56 




33i 


0.831 


>-556 


1.663 




'.X 


1.6&7 


3-326 




4-157 


56J 




SI" 


0.829 


vm 


1-658, 


1. 118 




3.3i6 


.137 


4-45 


56° 




3« 


0-8.? 


1-653 


1-126 


2.480 




3.3o6 


.251 


4-133 


55} 




341 




0-566 


1-648 


1-133 


2.472 


1.699 


l:V, 


1.166 


4-121 


55i 




34r 


0.822 


0.570 


1-643 


I -140 


2.465 


1.710 


a -180 


4- 108 


55i 




35° 


0.819 


'^ 


1-638 


i.l47 


2-457 


1.71, 


3-277 


1.294 


4.096 


55" 




35 




0-577 


1-633 


1.154 


2.450 


1.731 


3.267 


2.300 


4.063 


54i 




35 




0-581 


1-628 


i-r6i 


2.442 


1.742 


3.257 


2.3l! 


4.07: 


54i 




35 




0-584 


1.623 


1. 168 


2-435 


..753 


3. 246 


2.337 


4-056 


54i 




36° 


0-809 


0.588 




1.176 


2.427 


1.763 


3-236 


i.35r 


4-o45 


54= 




36i 


0.806 


0.591 


i.6i3 


i.i83 


2.419 


1.774 


3.226 


1.365 


4.o3i 


53| 




361 


0.804 


0.595 


1.60B 


1.190 


2-4i? 


1.7B4 


3.115 


2-379 
2.39! 


4.019 


53i 




36J 


0.80J 


0.598 


i-6o3 


I -197 


2.404 


1.795 


3.2o5 


4.006 


53J 




3»° 


0.799 


0-602 


1-597 


..2S4 


2.396 


i.8o5 


3.195 


2.407 




53° 




374 


0.796 


o.6o5 


1.592 




1-388 




3.184 




52| 




374 


0-793 


0.609 


1-587 




a-38o 




3.173 


2^435 


3.987 


5ii- 




37J 


::]ll 


o-fii? 


I-58I 


1.224 


2.371 


..837 


3.163 


If^ 


3.953 


5ii 




3§° 


0.616 


1-576 


1.23l 


2-364 


1.847 


3.151 


3.940 


52= 




38 


0.785 


0.619 
0.62! 




1. 238 


2.356 


1.857 


3. Ml 


2.476 


3.917 


5i 




38 


0-783 


1.565 


1.245 






3-i3o 


2.490 


3.913 


5i 




38 


0-780 


o-6s6 


i-56o 


!.25a 


2-340 




3-120 


2.5o4 




5i 




39° 


0-777 


o!63l 


1-554 


r-25o 


2-33i 




t2 


2.517 




51= 




39t 


0.774 


..549 


1-265 


1-323 




2-531 


3.872 


5o| 




3,1 


0.77a 


0-636 


1.543 




i.3i5 




2.544 


3-858 


Sol, 




40° 


0.769 
0.766 


0-639 


f-538 
1-532 


'■'79 


2.307 
2.298 


1.928 


3-075 


2.558 
2-571 


3.844 
3.83o 


5oi 
50° 




0.643 


1.286 


3.064 




<ol 


0-763 


0-646 


1-526 


1.292 


2-190 


1-^8 


3.o53 


2.584 


3.816 


49 




4ol 


0-760 


°.:S 


1.521 


m 


2.281 


..948 


3.042 


2.598 


3.802 


49 




4oi 


0-758 


i.5i5 


2.273 


1.958 


3.o3o 


2-611 


3.788 


49 




41° 


0-755 


0.656 


1-509 


1-311 


2.164 


1-968 


3.019 


2-624 


3.774 


4&° 




4'i 


0-75. 


0.659 
0.66S 


1.574 


::l;? 


1.256 


1.978 


3.007 


2.637 


3.759 


48 




4.1 


0-749 


1-498 


2.247 




l'-% 


2.65o 


3-745 


48 




4.1 


0-746 


0.666 


<-49^ 


1-332 


2-238 


1:998 


2.664 


3-730 


43 




4a° 


0.743 


0.669 


1-486 


1-338 


2.229 




2.973 


1.677 


3.716 


48° 




45i 


o-74o 


0.672 


I-480 


..345 






1.961 


2.689 


3.701 


47 




411 


0-737 


0-676 


1-475 


i.35i 






2-949 


2.701 


3.686 


47 




4"J 


0.734 


0-679 


1-469 


1.358 


2-203 


2.036 


2.937 


1-7=5 


3.672 


.47 




43° 


o-73i 


0-682 


1.463 


1.364 


2.194 


J. 046 


2.915 


2.728 


3.657 


47° 




431 


0-728 


0-685 


1-457 


1.370 


1.185 


a-o56 


i-5i3 


2.741 


3.642 


46i 




431 


0-725 




i-45i 


1-377 


= .176 


2.065 




1.753 


3-627 


46i 




43J 


0-722 


0^692 


1-445 


1-383 


2.167 


1.075 




2.766 


3.61a 


46i 




44° 


::v.i. 


0.695 


'I'Mt 


1:3^ 


2.i58 


2.084 


1-877 


1-779 


3.507 


4«= 




444 


0.698 


= -149 


2.093 


1-865 


2.791 


3.5S1 


45J 




441 


a-7i3 


0-701 


1-4^7 


1-402 


2-140 


1.103 


2-853 


2-8o4 


3-566 


451 




444 


0-710 


0.704 




1.408 


2-l3l 




2.841 


2-816 


3.551 


45i 




45° 


0-707 


0.707 


1-41'; 


1-414 


2.121 


2.121 




2.818 


3.536 


45° 




1 


"d^ 


Lat, 


~D^ 


Lat. 


'^ 


Lat 


Dep. 


"I^ 


^L 


1, 




1 


3 


3 


-^ 


3 



osted by 



Google 



LATITUDES AND DEPARTURES. | 




w 


5 1 


® 11 


■7 11 


s !1 


e il 


60° 




30° 


Dep. I 

2-500 


Lat. 
-,□6 


.000 


Lat. 
6-062 3 


3ep, 
-5oo 


Lat. 


Dep. 


Lat. I 
■794 4 


>2i 

5oo 




.5,8 ' 


4-000 




3oi 


2-5i9 


■ iS3 


.0=3 


6-047 3 


.526 


.911 


4-o3o 


■-775 i 


534 


59J 




3oi 


..538 




3 -045 


6.o3i 3 


-553 


.893 


4-060 


■755 4 


568 


591 




3o| 


1.556 


.i56 


3.068 


6.016 a 


■ 579 


5.875 


4.090 


.735 4 


6o3 


» 




31* 


2-575 


•143 


3-090 


6.000 


-60? 


a -857 




■7i5 4 


635 




3ii 


2.594 


;;;? 


3.U3 


5-984 


.63 1 


6-839 


4-i5o 


7-694 4 


659 


58i 




3il 


1.612 


3.135 




.657 


5.821 


4-180 


7-674 4 


702 


581 




3.1 


5-631 




3.157 


5-952 


.683 


6-803 


4.210 


7-653 , 


.736 


58i 




33= 


2 -650 


-088 


3-180 


5.936 


:;3? 


6.784 


4-239 


7.633 4 


■769 


5§° 




32i 


2.668 


5.074 


3-J02 


5.930 


6-766 


4-269 


7.612 4 


-803 


57J 




3ai 


2.686 


5 -060 


3-224 


5-904 


-761 


6-747 


4-29& 


7.591 , 


.835 


574 




34 


2.705 


5 -046 


3.246 


5.S87 


.787 


6-718 


4-328 


7-559 4 


-869 


5rt 




33* 


2-723 


5-032 


3.268 


5-871 


-812 


6-709 


4-357 


7-548 4 


■901 


«»• 




33i 






3-290 


5-854 


-838 


6-690 


4-386 


7-537 A 


-935 


56J 




334 


2-760 


5.0U3 


3-312 


5-837 


■864 


6.671 


4.416 


7-5o5 


■967 


S61 




331 


2.778 


4-989 


3-333 


5-8ao 




6.652 


4-445 


7-483 




S6i 




34= 


2.796 


4-974 


3-355 


5.803 


3-9'4 


6-632 


4-474 


7.461 


■o33 


56« 




34i 


2.lU 


4.960 


3-377 


5-785 


3 -940 


6-6i3 


4-502 


7-439 


-o65 


5SJ 




Mi 


2-832 


4-945 


3.398 


5-769 


3-955 


6.593 


4-531 


T-417 


.098 


5S1 




34i 

3a° 


2.S5o 
2.868 


4-93o 
4.915 


3-420 
3.441 


5.752 


3.990 


6-573 
6-553 


4-560 


7-395 
7.372 


.i5o 
■ 163- 


SSI 
55'' 




5-734 


4-015- 


4-589 




35i 


2.886 


4-000 
4-885 


3-463 


5-716 


4-o4o 


6-533 


4.617 


7-350 


-194 


54 




35} 


2.904 


3-484 


5-609 


4-065 


6.5i3 


4-646 


7-327 


-2i6 


S4 




351 


3-9 = 1 


4-869 


3-5o5 


5.6S1 


4.090 


6.493 


4-674 


7.304 


.258 


S4 




36» 


= .^9 


4-854 


3-527 


5.663 


4.115 


6.47a 


4-702 


7-381 


.290 


54" 




36i 


2.957 


iS 


3-548 


5.645 


4-139 


6.453 


4 -730 


7-258 


.333 


S3 




364 


2.^4 


3-569 


5.527 


4-i6a 


6-431 


4-759 


7-235 


.353 


53 




36} 


2.992 


4.808 


3-59; 


5.609 


4-188 


6-4io 


4-787 


7.211 


.385 


53 




3T° 


3-009 


4-792 


3.6ii 


5.590 


4-213 




4-8i5 




5.415 


53" 




3? 


3.026 


4-776 


3-632 


5-572 


4-237 




4-842 


7.164 


5-448 


5jJ 




37 


3.044 


4-760 


3-653 


5-554 


4-261 


6.347 


4-870 


7-140 


5.479 


Sil 
5.1 




3? 


3 -061 


4-744 


3.673 


5-535 


4-286 


6.326 


4-898 


7.-ir6 


5.5io 




3§" 


3-078 


4-728 


3.694 


5.5i6 


4-310 


6.3o4 


4-925 


v^ 


5.541 


58= 




36i 


3-095 


4-712 


3-7T5 


5-497 


4-334 


6.383 


4-953 


5.572 


s.i 




384 


3.iT3 


4-696 


3-735 




4-358 


6.261 


4.980 


7-043 


5-6o3 


S.J 




3S| 


3-i3o 


4-679 

4-663 


3-755 


5-459 


4-381 


6-239 


5.007 


7.019 


5-633 


5,4 




890 


3-147 


3.776 


5-440 


4.405 


6.31? 


5-035 


6.994 


5-664 


51° 




39i 


3.164 


4-646 


3.796 


5.421 


4-429 


6-195 


5.063 


6.970 


5-694 


M 




39i 




4-630 


3-8:6 


5.401 


4.453 


6-173 


\:fl 


6-945 


5-725 


Sol 




A 


3-197 


4-6i3 


3.837 


5-382 


4-476 


6-i5i 


6^ 


5.755 


Soi 




40" 


3.214 


4.596 


3.857 


5.362 


4-5O0 


6.128 


5.142 


6-894 


W85" 


50° 




4oi 


3-23i 


4-579 


3.877 


5-343 


4-523 


6-106 


5.169 


6.869 


5.8r5 






4o4 


3-^47 


4-562 


3.897 


5-323 


4-546 


6.o83 


5.19S 


6-844 


5.845 






4oi 


3.264 


4-545 


3.917 


5.3o3 


4-569 


6.061 


5-222 




5.875 


49° 




41'' 


3-580 


4-528 


3-936 


5-283 


4.593 


6.038 


5-248 


%X 


5.905 




4J* 


3 297 


4 5ii 


3-956 


5.263 


4.6:5 


6.015 


5-375 


5.934 


m 




4l4 


3 313 


4 494 


3.976 


5-243 


4-538 


\% 


5-301 


6.741 


5.964 


481 




4'i 


3329 


4 4-'6 


3-995 


5.223 


4-661 


5-327 


6-715 


5;993 


4Si 




48° 


3 34b 


4 459 




5.202 


4-684 


5.945 


5-353 


6-688 




dS" 




4=i 


3 362 


4 44- 


4 -034 


5.183 


4-707 


5.022 


5.379 


6-662 


6.o5i 


« 




4=4 


3 378 


4 454 


4-054 


5 -161 


4-729 


5.198 


5.40! 


6-635 


6.080 


471 




4H 


3 394 


4 4oi 


4.073 


5.140 


4-752 


5.875 


5.430 


6-609 


6 -,00 


474 




43° 


34I0 




4.092 


5.119 


4.774 


5.851 


5.456 


6-583 


6.I3S 


4*° 




4H 


3 436 


4 370 


4-.I1 


l:°^t 


4-796 


5-837 


5.48. 


6.555 


6-167 


4Bi 




434 


3 442 


4 352 


4-i3o 


4-8?8 


5-8o3 


5.507 


6-528 


6-195 


461 




43| 


3 458 


4o34 


lis 


5.057 


4-841 


5.779 


5-532 


6.501 


6-334 


46i 




44- 


3 473 


4 3i6 


5-035 


4-663 


5.;5§ 


5-557 


6-474 


6-252 


46" 




44i 


3 489 


4 298 


4-187 


5-014 


4-885 


5-730 


5-583 


6-447 


6-280 


45i 




444 


3 5o5 


4 280 


4.206 


4-993 


4-906 


5-706 


5-607 


6-419 


6 -308 


451 




44i 


3 Sao 




4-224 


4-?7[ 


4-958 


5-68 


5-632 


6.393 


6-336 


454 




45= 


3 536 


4 243 


4-243 


4-950 


4-950 


5-657 


5-657 


6-364 


6-364 


45 




i 


Lat 


~D^. 


Lat. 


Dep. 


IM. 


Dep. 


Lat. 


~^ 


Lat. 






5 


6 


T 


8 II 8 





Hosted by 



Google 



TABLE OF CHORDS 


: [Radiu3 = 1.0000]. 1 


M. O'' 


1° 


a= 3= 


4= 


5" 


6" 


7' 


8= 


9= 


lO"- - 


O' .0000 


.0.75 


0349 -0524 


0698 


087= 


.1047 


"7^ 


1395 


"756^ 


.743 O' 




ooo3 


.0177 


0352 


0526 


0701 


0875 


.io5o 


1224 


,398 


,572 


.746 1 




0006 


.0180 


d355 


0529 


0704 


0878 


.io53 




i4oi 


.575 


1749 ^ 


3 




.oi83 


o358 


o53a 


0707 


0881 


.1055 


I23o 


i4o4 


..578 


175a 3 


4 




.0186 


o36[ 


o535 


0710 


0884 


■ io58 


1233 


1407 


.i58i 


(755 4 




ooi5 


.0.89 


o364 


o538 


0713 




.1061 


1235 


i4io 


.1584 


1758 5 


6 




■ 0192 


o366 


o54i 


0715 


.0890 


■ 1064 


1238 


.14.3 


-1 587 


176. 6 






.oi^S 


0369 


o544 


.07-8 


.0893 


,.067 


1241 


.i4i5 


..589 


.1763 7 




0O23 


.0.98 


0372 


o547 


.0721 


.0896 


■ 1070 


1244 


.i4i8 


.1592 


.1766 8 


9 


ooaQ 




03:5 


o55o 


.0724 


.0899 


,.1073 


1247 


.1421 


.1595 


.1769 9 




0019 


■0204 


0378 


o553 


.0727 


.0901 


.1076 


I25o 


.1424 


.15^8 


.177a 10 


77 


oo3i 


.0207 


1^1 


~^ 


.o,3o 


.0904 


.1079 


"TTsi 


.1427 


.1601 


77^ " 






■0209 


0384 


o558 


.0733 


.0907 


..082 


1256 


.i43o 


.1604 


.1778 i^ 


i3 


oo3B 




0337 


o56i 


.0736 


.0910 


.1084 


1259 


.1433 


.1607 


.1781 i3 


i4 


oo4i 


.0215 


0390 


o564 


.0739 


.0913 


.1087 


ia6a 


.1436 


.1610 


.1784 14 


i5 


oo44 




0393 


o567 


.0742 




.1090 


■1265 


-1439 


.1613 


.1787 =5 


i6 


0047 




0396 


.0570 


■ 0745 


.0919 


■ 1093 


.ia67 


.1441 


■ 1616 


.1789 16 


17 




.0224 


039S 


0573 


.0747 


-092 a 


■ 1096 


.1270 


■ 1444 


.1618 


■179= '7 


i8 


^52 


.0327 


o4oi 


0576 




-0925 


.1099 


■ 1273 


■1447 


.1621 


..795 >8 


•9 


.oo55 


.023o 


o4o4 




.0753 


.09a a 




.1276 


.i45o 


.1624 


..798 '9 




.oo58 


.0233 


o4o7 
o4io 


o582 
o585 


.0756 
■ 0759 


.0^31 
.0933 


.iio5 


.1279 


.1453 


.1627 


.1801 20 


■iio8 


.1282 


.1456 


■ i63o 


TTb^ 21 




006. 


;o239 


o4r3 


0588 


.0762 


.0930 




.1285 


..459 


..633 


.1807 22 


a3 




-oi4i 


o4i5 




.0765 


.0939 


.■II!4 


.12B8 


.1462 


.1636 


.1810 23 


24 




.0244 


0419 


0593 


.0768 


■ oUl 


.1116 


.1291 


.1465 


..639 


.i8i3 24 


j5 


0073 


.0247 


042a 


0596 


.0771 


.0945 


.1119 


.1294 


.1468 


.1642 


..8.6 25 


26 


007S 


.0250 


0425 


d599 


■0774 


.0948 




.1296 


.1471 


.1645 


.1818 a6 


sr 


0079 


.0=53 


0428 


0602 


.0776 


.095. 


^ISaS 


.7299 


.1473 


..647 




:28 


0081 


■ 0256 


o43o 


o6o5 


.0779 


■ 0954 


.iia8 


.l302 


.1476 


.i65o 


.1B24 =8 


59 


0084 


■ 0259 


0433 


0608 


.0782 


.0957 


.Ji3i 


.i3o5 


■ 1479 


.1653 


■1827 29 


3o 


■ 0087 


.0262 


0436 


.0611 


.0785 




.1134 


.i3o8 


■ .482 


.1656 


■i83o 3o 


3i 


.oq9< 


.0265 


■ 0439 


.0614 


T^ 


7^ 


7773; 


77377 


^7485 


77659 


.1833 3i 


32 






.0442 


.0617 


.0791 


,0965 


.1140 


.i3i4 


■ 1488 


■ 1662 


.1836 32 


33 


:oo^ 


.0271 


.0445 


■ 0619 


.0794 


.0968 


.1143 


.i3i7 


.149' 


.1665 


.1889 33 


34 


.0099 


,0273 


.0448 


■ 0622 




.0971 


.1.45 


.l320 


■ 1494 


.1668 


.1842 34 


35- 




.0276 


•o45i 


.o6a5 




.0974 


.1148 


.i323 


.14^ 


.1671 


..845 35 


36 


■ oioS 


.0279 


.0454 


■ 0628 


.o8o3 


.0977 


.ii5i 


.1825 


.i5oo 


.1674 


..847 36 


37 


■ 0108 


-0283 


0457 


.o63i 


.0806 


.0980 


.1154 


.i3a8 


.i5o3 


.1676 


.i85o 37 


38 




.0285 


.o46o 


.0634 


■ 0808 


.0983 


.1157 


.l33( 


.i5o5 


.1679 


.i853 38 


39 


'.olSa 


.0288 


■ 0462 


■ 0637 


.0811 


.0986 


.1160 


.1334 


.i5o8 


.1682 


.iB56 39 


40 


.o((6 


.0291 


■o465 


■ o64o 


.0814 


.0989 


.1163 


.1337 


.i5ii 


.1685 


..859 40 


4i 


■ on 


T^ 


T^ 


.0643 


T^ 


.099a 


77766 


.i34o 


77574 


.1688 


7786^ 47 


4a 




.0297 


■o47i 


.o646 


■ 0820 


.0994 


.1169 


.1343 


.i5i7 


..691 


■1865 4a 


43 


.012 


.o3oo 


■ 0474 


.0649 


■ 0823 


■0997 


■ 117a 


.1346 


.1620 


.1694 


...868 43 


44 


■ 013 


.o3o3 


.0477 


.o65i 


.082G 




.1175 


.1349 


.1523 


.1697 


.1871 44 


45 


■Ol3 


.o3o5 


.0480 


.■OS54 


.0829 


.ioo3 




■ 135? 


.1626 


.1700 


..B73 45 


46 


.oi3 


.o3oa 


.0483 


.0657 


■ o832 




.1180 


.1355 


■ i52s 


.1708 


.1876 46 


47 


.013 


.o3ii 


■ 0486 


.0660 


.0835 


.1009 


.1183 


■ 1357 


.153' 


..705 


-1879 47 




.014 


.0314 


.0489 


■ o663 


■ 0838 




.1186 


■ i36a 


.1534 


..70B 




49 


■014 


.0317 


.049a 


.0666 


■ o84(J 


'■Toil 


.1189 


..363 


.i53 




..885 49 


5o 


.014 


■0320 


.0494 


.0669 


.0843 


.toi8 


■ 1192 


.1366 


.154 


.171. 


.1888 5o 


5i 


.014 


^^ 


■0497 


■067 


T^ 


.loai 


.119! 


7736^ 


7754" 


..717 


■1891 5i 


51 


.o:5 


.0326 


■ o5oo 


■ 067 


.084 


.1023 




.137 


.154 


.1720 


.1894 52 


53 


.oi5 


.0329 


■ o5o3 


.067 


.085 


.1026 




.1875 


.154 


.17a 


.1897 53 


54 


.oi5 


.o332 


-o5o6 




-085 


• loag 


.1204 


.1378 


.155 


.173^ 


.1900 54 


55 


.oi6( 


.0335 




.068 


^oB5 


.io3i 


.IS06 


.i38 


.i55 


..72 


.1902 55 


56 


■016 


.0337 


.o5ia 


.068 


.086 


.1035 


.1109 


.i38 


.155 


.173 


.1905 56 


57' 


■016 


-o34o 


.o5i5 


.068 


.086. 


■ io38 




.138 


.i56o ■173 


.1908 57 


58 


■oi6i 


■o343 


■o5j8 


■ 069 


.086 


.1041 


'lar 


.138 


.1563 .173 


.1911 58 


59 


.017 


o346 


■o52I 


.069 


■08691.1044 


.J2l8 


.,39 


.1566 .174 


..914 59 


65 


.oi75| -03491 -0524 


^ 


■o872|.jo47 


.122 


.135 


..569 .174 


.1917 60 



Hosted by 



Google 



TABLE OF CHORDS; [RAn.us = 1,0000], [ 


M-Ill" 12= 


13° 


14' 


15° 


16" 


17° 


IS"' 


19° 


20'' 


31= M. 


o' .1917 .5091 


2264 


2437 


26.1 


2783 


2956 


3129 


33oi 


3473 


3645 0' 


r .1920 1093 


2267 




26,3 


2786 


2959 


3i32 


33o4 


3476 


3648 I 


. .i^ia 


2096 


2270 


2443 


26,6 


2789 


2962 


3,34 


33o7 


3479 


3S5o 2 


3 -19=6 


2099 


2273 


i446 


3619 


2792 


2965 


3,37 


33!o 


3482 


3653 3 






2276 


2449 


a6a2 


2795 


2968 


3i4o 


33,2 


3464 


3656 4 


5 .1931 


2105 


2279 


2452 


2625 


2798 


2971 


3.43 


33,5 


3487 


3659 5 


6 .434 


2108 


228! 


2455 


2628 


2801 


2973 


3,46 


33i8 


3490 


366a 6 


7 -1937 




2284 


2458 


263 1 


2804 


2976 


3,49 


332, 


34?3 


3665 7 


8 -1940 


2114 


2287 


a46c. 


2634 


■ 2807 


2979 


3i52 


3324 


3496 


3668 8 


9 -1943 


2H7 


2290 


2463 


2636 


2809 


a^^ 


3,55 


3327 


3499 


3670 9 


10 ^ 


2119 


^ 


2466 


2639 


aBi5 


2965 


3,57 
3 160 


333o 
I33I 


3502 
35o4 


3673 ip 
3676 n 


M .1949 


2122 


2296 


^46^ 


"^ 


I. ..^ = 


2125 


2299 


a472 


2645 




299, 


3,63 


3335 


35o7 


3679 " 


t3 .1955 


2,28 


23C2 


2475 




.2821 


2994 


3,66 


3338 


35 10 


368a ,3 


i4 .1957 


2l3l 


23o5 


.2478 


265, 


.2824 


2^ 


3,69 


334, 


35,3 


3685 t4 


i5 .i960 


2,34 


23o7 


.248, 


2654 


.2827 


2999 


3,72 


3344 


35,6 


3688 1 5 


16 .1963 


.2137 


.23,0 


.a484 


.2657 


.j83o 


3002 


3.75 


3347 


3519 


3690 ,6 


17 -'gm 


.2,40 


■23:3 


■2486 


.2660 




3oo5 


3,78 


3350 


3522 


.3693 .7 


18 .1^ 


.2143 


■23,6 


■ 2489 


.2662 


■ 2835 


.3008 


3r8o 


3353 


3525 


■3696 ,8 


19 ■!972 


.2,46 


.23,9 


■ 2492 


■ 2665 




.30.1 


3:83 


3355 


3527 


.3699 19 


ao .1975 


■ 3,48 


.2322 


■2495 


■ 2668 


.2841 


.3oi4 


.3,86 


.3358 


353o 


.37^2 20 


ai .1978 


■2l5, 


.2325 


■ 2498 


^ 


T^ 


■3o,7 


Ti^ 


-336, 


Tisii 


1^5 2, 


^2 .1981 


.2,54 


.a3a8 


.aSS, 


.2674 


.2847 


■ 3019 


.3192 


.3364 


-3536 


.3708 22 


a3 .1983 


.2i57 


.a33. 


■ 25o4 


■2677 


.a85o 


.3022 


■ 3195 


.3367 


.3539 


-3710 23 


=4 -1^6 


.2160 


.2333 


.2507 


■ 2680 


.2853 


.3025 


.3198 


.3370 


.3542 


.3713 24 


a5 -1989 


.2,63 


■2336 


.35lO 


■ 2683 


.2855 


■3028 


.32S0 


■ 3373 


■ 3545 


.3716 25 




.2166 


■ 2339 


■ 25, a 


■2685 


.2858 


-3o3i 


.32d3 


.3376 


■ 3547 


.3719 26 


=5 ^I™5 


:2,69 


.2342 


■25,5 


.2688 


.2861 


.3o34 


.3206 


■3378 


■355o 


.3722 27 


18 .1^ 


■ 2,72 


.a345 


■ 25i8 


■269, 


■ 2864 


.3o37 


■3209 


■ 338, 


.3553 


■3725 28 




.2174 


.2348 


■2521 


■2694 


■ 2867 


■3o4o 




.3384 


■3556 


.3728 29 


3o .S004 


■2177 


.a35. 


.2524 


■^697 


■ 2870 


.3o42 


:32,5 


■3387 


.3559 


.3730 30 


17 -2007 


T^ 


T^ 


TIsI^ 


■ 2700 


^ 


1^ 


.3218 


7^ 


.3562 


.3733 3, 


3a .1010 


.2,83 


.2357 


.2530 


.2703 




.3o48 


.3aii 


■ 3393 


.3565 


■3736 32 


33 .aois 


.2,86 


■ 2359 


.2533 


■ 2706 


'■lilt 


.3o5i 


.3223 


.33^ 


■3567 


■3739 33 


34 .aoi5 


.2,89 


.2362 


.2536 


.2709 


.2881 


.3o54 


.3226 


.3398 


■3570 


.3742 34 


35 .20,8 


.2192 


.2365 


■ 2538 


.27,, 


■ 2884 


.3057 


.3229 


.340, 


.3573 


■3745 35 


36 -loii 


.2,95 


■2363 


.a54i 


■27,4 


■ 2887 


.3060 


.3232 


■3404 


.3576 


.3748 36 


37 .3024 


.2,98 


■2371 


■2544 


.27,7 


.2B90 


■ 3o63 


.3235 


■3407 


■ 3579 


.3750 37 


38 .1017 




■ 2374 


■ 2547 


■ 2720 


.28^ 


■ 3o65 


.3238 


.341D 


■ 3582 


.3753 38 


39 -aoSo 


■ 220I 


■2377 


.2550 


■2723 


■ 28?6 


.3068 


■ 3a4, 


.34,3 


■ 3585 


■3756 39 


40 .2033 


.aao6 


.2380 


.2553 




.28^ 


.3071 


■ 3244 


■ 34,6 


■3587 


.3759 40 


4t -2036 


■ aao9 


.2383 


■ 2556 


■ 2729 


■ 2902 


TsM 


■ 3a46 


.34t9 


~^ 


.3762 J, 


42 ■ 2o38 




.2385 


.2559 


■ 2732 


.2904 


■3o77 


.3249 


■ 3421 


.3593 


■3765 4a 


43 .2041 


'2a,; 


.2388 


.256" 


■2734 


■ 2907 


.3080 


.3a52 


.3424 


.35^6 


.3768 43 


44 -2044 


.2218 


.239 


.2564 


.2737 


.2910 


.3oS3 


■ 3255 


.34a7 


.3599 


■3770 44 


45 -2047 




■ 2394 


.2567 


■ 2740 


.29.3 


.3086 


.3258 


■ 3430 


.36o 


.3773 45 


46 -2o5o 


.212, 


.23^ 


.2570 


.2743 


■29.f 


.3088 


.326 


.3433 


.36o5 


■3776 46 


47 .2o53 


.a226 


.240c 


.2573 


■ 2746 


■ 29, 


.309 


.3264 


■ 3436 


.3608 


■3779 47 


48 -2056 


.2229 


.24o3 


.257^ 


■2749 


.292 


.309 


.326 


.3439 


.36,c 


.3782 48 


49 .wSg 


.2232 


.24oe 


.257S 


.2752 


.291 


,30^ 


.326 


■344 


■ 36,3 


■3785 49 


50 .2062 


.2235 


.24os 


.258 


.2755 


.292 
■293 


■3io 
.3io 


.327 
3^ 


■ 3444 
144" 


■36if 


.3788 1 5o 
■3790 ! 5, 


5^ '^ 


.2238 


.24, 


.258 


^2758 


5i -206- 


.224 


■ 24, 


■ 258- 


2760 


■2^3 


.3iot 


.327 


■ 345 


■ 362 


.3793 i 52 


53 207 


■ 224 


.24, 


.259 


,2763 


.43 


.3io< 


.328 


.345 


.362 


.3796 53 


54 -=07 


.224 


.241 


■ 259, 


■ 2766 


.293 


.3i, 


.328 


.345 


■ 362( 


.3799 54 


55 -^.T 


.225( 


.242 


■ aSgf 


■ 2769 


■294 




■ 328 


■ 345 


.363 


-33o2 55 


56 1 .207 


.225 


■ 242 


.259- 


■ 277a 


■294 


.3is 




■ 346 


.363 


.38o5 56 


57 -aoB 


-225 


■242 


) .260 


.2775 


.29.1 


.3,2 


-329 


■ 346 


-363 




58 .208 


-225 


.243 


.260 


■ 2778 


.295 


.3,2 


.329 


.346 


.363 


J .38,0 58 


59 -20B) 


.226 


.243 


i .260 


.3781 


.295 


■ 3,2 


.329 


■347' 


.364 


.3Si3 59 


60 -209l|-a2& 


.243 


7 .26, 


■ 2783 II .295 


5 ^312 


9 .330 


^ 


.364 


5 .38,6 eS' 



Hosted by 



Google 



TABLE OF CHORDS! [RAmns = 1.0000]. 




M.] 29° 


23° 34" 


25° 


36° 


27° 


28= 


29° 


ao° 31" 


32° 1 




o' .38i6 


3987 -4i58 


4329 


4499 


4669 


4838 


5oo8 


5176 .5345 


55i3 




I .3819 


3990 .4161 


4332 


45o2 


4672 


4841 


50ID 


5179 .5348 


55i6 




a .3822 


3993 .4164 


4334 


45o5 


4675 


4844 


5oj3 


5.82 ^5350 


55i8 




3 .3835 


3996 .4167 


4337 


45o8 


4677 


4847 


5oi6 


5i85 .5353 


552, 


3 


4 -3813 


3999 .4170 


4340 


45io 


4680 


485o 


5019 


5iSS .5356 


5534 


4 


.5 .383o 


4001 .417a 


4343 


45 13 


4683 


4853 


5022 


5190 .5359 


5527 


5 


6 .3833 


4oo4 -4175 


4346 


45i6 


4686 


4855 


5o24 


5193 ■5363 


553o 


6 


7 -3836 


4007 .4178 


4349 


4519 


4689 


4858 


5o37 


5196 .5364 


5532 




8 .383q 


4010 .4181 


4352 


452I 


4693 


4861 


5o3o 


5199 .5367 


5535 


8 


9 .38^2 


4oi3 -4184 


4354 


4525 


4694 


4864 


5o33 


52S; .5370 


5538 


9 


iS .3845 


4oi6 -4187 


4357 


4537 


^ 


4867 


5o36 


5ao4 .5373 


■5541 




77 1848 


4019 -4190 


4360 


453o 


4700 


4869 


5o39 


"w 


5376 


75543 


7 


ij .385o 


4ois .4192 


4363 


4533 


4703 


4872 


5o4. 


.5210 


5378 


.5546 




i3 .3853 


4oa4 .4195 


4366 


4536 


4706 


4875 


5o44 


52i3 


5381 


.5549 


3 


14 -3856 


4027 


4.98 


4369 


4539 


4708 


4878 


5047 


5316 


5384 


.5552 


4 


I 5 .3859 


4o3o 


4201 


4371 


4542 


47n 




■ 5o5o 


5319 


5387 


■ 5555 


5 


16 -3861 


4o33 


4204 


4374 


-4544 


4714 


4884 


.5o53 


522; 


5390 


.5557 


6 


17 .3865 


4o36 


4207 


4377 


■4547 


4717 


4886 


-5o55 


5224 


5392 


■ 5560 


7 


18 -3868 


4039 


■4209 


438o 


4550 


4720 


4889 


■ 5o58 


■5227 


5395 


.5563 


8 


19 .3870 


4042 


.4212 


4383 


4553 


4723 


4892 


■ 5o6i 


■ 523o 


5358 


.5566 


9 


Z .3873 


4044 


■42 r 5 


4386 


4556 


4725 


48^5 


■5o64 


5233 


5401 


■5569 




at .3876 


4o47 


4218 


"4388 


^55^ 


47^8 


4898 


^ 


'1735 


5404 


.5571 




33 -3879 


4o5o 


4=21 


4391 


456; 


473i 


4901 




■ 5238 


5406 


■5574 




33 .388= 


4o53 


4224 


4394 


4564 


4734 


4903 


1^3 


■ 5241 


.5409 


.5577 


3 


j4 -3885 


4o56 


4226 


43^ 


4567 


4737 


4906 


.5075 


■5344 


.54ii 


■ 5580 


4 


a5 .3888 


4059 


4229 


44S0 


4570 


4740 


4909 


.5078 


.5347 


54i5 


■ 5583 


5 


s6 -3890 


4061 


4233 


44o3 


4573 


4742 


491 > 


■5o8i 


.5249 


.5418 


.5585 


6 


17 .3893 


4064 


4235 


44o5 


4576 


4745 


4915 


■5084 


■5252 


.5420 


.5588 


7 


18 -3896 


4067 


4238 


4408 


■4578 


4748 


4917 


■ 5o86 


.5255 


.5423 


■5591 


8 


29 .3899 


4070 


4241 


4411 


■ 4581 


475 1 


4920 


.5089 


.5358 


.5426 


.5594 


9 


3o .3902 


4073 


.4244 


44i4 


■ 4584 


4754 


49^3 


.509? 


.5261 


•54=9 


■ 55^ 





37 1^ 


4076 


.4246 


4417 


■ 4587 


4757 


■4926 


.5(195 


TiTii 


.5432 


.5599 


Si 


32 .3908 


4079 


■ 4249 


4420 


■4590 


4759 


.4939 


.5098 


.5266 


.5434 


.56^1 


32 


33 -3910 


.4081 


.4252 


•44^2 


.45^ 


.4762 


■ 4932 


■ Sioo 


.5269 


.5437 


.56o5 


33 


34 -39' 3 


.4084 


.4=55 


■4435 


.4595 


.4765 


.4934 


.5io3 


.5272 


■ 5440 


.56o8 


34 


35 :39i6 


.4087 


.4>58 


.4428 


■ 45^8 


■4768 


.4937 


.5106 


-5275 


.5443 


.56ii 


35 


36 .3919 


4090 


.4261 


.4431 


■46S1 


4771 


.4940 


■ 5109 


■5277 


.5446 


■ 56i3 


36 


37 -3932 


4093 


.4263 


4434 


.4604 


4773 


.4^3 


■51.3 


.5280 


.5448 


■ 56i6 


37 


38 .35=5 


40^ 


.4266 


4437 


.4607 


■4776 


.4^46 


.5ii5 


-5283 


■ 545i 


.5619 


38 


39 .3927 


4098 


.4269 


4439 


■4609 


4779 


,4948 


.5117 


.5286 


.5454 


.5622 


39 


40 .3930 


.410.1 


-4S7S 


■4442 


.4612 


.4782 


-495- 


.5120 


.5289 


■ 5457 


■ 5635 


40 


Ji -3933 


^4^ 


.4275 


■ 4445 


:46^ 


^4^85 


.4954 


.5123 


.5291 


.5460 


TiiT; 


4i 


42 .3936 


.4107 


.4378 


■4448 


■4618 


.4788 


.4957 


.5126 


.5294 


.5462 


.563o 


42 


43 .3?39 


.4iio 


.4280 


■ 445i 


■ 4631 


■ 4790 


.4960 


■ 5129 


.5397 


.5465 


.5633 


43 


%i .3^2 


.41 13 


■4=83 


.4454 


.4624 


.4793 




■ 513; 


.5300 


■ 5463 


.5636 


44 


45 -3^5 


.4116 


.4286 


.4456 


■4626 


.4796 




■ 5i34 


■ 53o3 


.5471 


.5638 


45 


46 .3547 


.4u8 


.4289 


.4459 


■4629 


■4799 


.4968 


■ 5i37 


.53o6 


.5474 


564i 


46 


47 -3950 




.4292 


■ m'i 


.4632 


.4801 


.4971 


.5i4o 


.5308 


.5476 


.5644 


47 


48 -3^3 


.4124 


.4295 


.4465 


■ 4635 


.4805 


■4974 


.51 43 


■ 53ii 


■5479 


■ 5647 


48 


49 .3956 


.4127 


.4298 


■ 4468 


.4638 


.4807 


■4977 


■ 5i45 


.53 14 


.5483 


■ 565o 


49 


55 .3^ 


.4t3o 


.4300 


■ 4471 


■464i 




.4979 


.5148 


.5317 


.5485 


-5652 


5o 


5. .3963 


^4^ 


■ 4303 


74474 


T4643 


^4873 


■498 


.5i5 


■ 5320 


.5488 


^655 


5i 


32 -3965 


.4135 


.4306 


■ 4476 


.4646 


.4816 


.4985 


.5.54 


■ 5322 




■ 5658 


53 


53 .3967 


■ 4138 


.4309 


■4479 


.4649 


■4819 


.493a 


■ 5i57 


.5335 


.5493 


-5661 


53 


54 ■%o 


-4i4i 


■ 43i2 


.4482 


.4652 


.4822 


.499 


.5i6o 


.5338 


.5496 


■ 5664 


54 


55 -3973 


■ 4144 


■ 43i5 


.4485 


.4655 


.4834 


■499 


.5i6 


.533. 


.549 


■ 5666 


55 


56 -3976 


•4i47 


■43 [7 


■ 4488 


.4658 


.4827 


.4^ 


.516 


.5334 


.556 


.5669 


56 


57 -3979 


.4i5o 


.4320 


■449' 


■ 4660 


■ 4830 


■499 


.5168 


■ 5336 


■ 55o^ 


.5672 


57 


58 .35a. 


.4.53 


■ 43=3 


■4493 


■ 4663 


■ 4833 


.5oo 


.517 


.5339 


.55o 


■ 5675 


58 


59 .3985 


■41551.4326 


■ 4496 


.4666 


-4836 


.500 


.5.7 


.5342 


.551 


■5678 


59 


eS .3987 


.41 58 .43=9 


.4499(1-4669 


.4838 


.5oo( 


■ 5.7 


.5345 


■ 55i 


.5680 


60 



Hosted by 



Google 



"° 


TABLE 


OF CHORDS: [1Ud!U8 = 1.0000]. 


■ 


7 


sa° 


34° 


85° 


36° 


37° 


38° 


39° 


40° 


41° 


4«° 


43" 




o 


.5l)Bo 


5847 


6014 


6180 


6346 


65ii 


6676 


6840 


7004 


7167 


7330 


0' 




.5683 


585o 


6017 


6i83 


6349 


65(4 


6679 


6843 


7007 


7170 


7333 






.5686 


5853 






6352 


65i7 




6846 


7010 


7173 


7335 




3 


.5689 


5856 


60a 2 


6,89 


6354 


6520 


6684 


6849 


7011 


7176 


7338 


3 


4 


.5691 


5859 


6025 


.6191 


6357 


6523 


6687 


685i 


70.5 


7178 


7341 


4 


5 


.5694 


586i 


6028 


.6194 


636o 


6525 


6690 


6854 


701B 


7<8i 


7344 


5 


6 


.5697 


5864 


6o3. 


.6197 


6363 


6528 




6857 


-7020 


7184 


7346 


6 




.5700 


5867 


6o34 


-6200 


6365 


653i 




6860 


■ 7023 


7.86 


7349 




8 


.5703 


5870 


6o36 


-6202 


6368 


6533 


6698 




-7026 


7189 


7352 


8 


9 


.5705 


5873 


6039 


6205 


6371 


6536 


6761 


6865 


.7029 


7192 


7354 


9 




■ 570S 


5875 


6042 


.6208 


6374 


6539 


6704 


6868 


.703; 


2* 


7357 




7^ 


.5711 


5878 


6045 


.5,,, 


6376 


■654^ 


6,06 


6870 


■ 7034 


7197 


7360 


7 




.5714 


588i 


6o47 


.6214 


6379 


6544 


6709 


6873 


.7037 


7300 


7362 




i3 


■5'''7 




6o5o 


.6116 


6382 


6547 


6712 


6876 


.7040 




7365 


3 


i4 


.5719 


5886 


6o53 




6385 


655o 


6715 


6879 


.7041 


?2^ 


7368 


4 


.5 


.572I 


5889 


6o56 




6387 


6553 


6717 




.7045 


7208 


7371 


5 


i6 


.5725 


5892 


6o58 


.6225 


6390 


6555 


6720 


6884 


.7048 


7211 


7373 


6 




■ 571B 


.5895 


6061 


.6127 


6393 


6558 


6723 


6887 


.7050 


7^14 


7376 






■ 5730 


-5897 


6064 


.6230 


6396 


656i 


6725 


6890 


■7053 


7216 


7379 


8 


i< 


■ 5733 


■5900 


6067 


.6233 


6398 


6564 


6728 


6892 


-7o56 


7219 


7381 


9 




.5736 
.5739 


.5^ 
.5906 


6070 


-6236 


64oi 


6566 


6731 


_6855 


-7059 




7384 




~ 


Tfo^j 


■ 6238 


64o4 


"656^ 


"e^ 


.6898 


^ 


.7224 


~T3Sy 






■574I 


.5909 


.6075 


■ 6241 


64o7 


.6572 


6736 


.69.. 


.7064 


.7227 


.7390 




z3 


■5744 


.59.T 


.6073 


■ 6244 


64io 


6575 


6739 


■ 6903 


-7067 


.7130 


-739^ 


3 


24 


.5747 


■59.4 


.6081 


-6247 


6412 


6577 


6742 


.6906 


-7069 


■ 7»32 


.7395 


4 


35 


.5750 


.59,7 


.6o83 


.6249 


.64i5 


.6580 


6745 


■6909 


.7072 


.7235 


.7358 


5 


25 


.5753 


.5920 


.6086 


.6252 


6418 


.6583 


6747 


.69M 


.7075 


-7238 


.7400 


6 


37 


■5756 


.5922 


■6089 


■ 6255 


-6421 


6586 


6750 


.6914 


.7078 


■ 7241 


.7403 




.8 


.575s 


.5925 


.6092 


■ 6258 


6423 


6588 


6753 


.6917 


.7080 


-7243 


.7406 




29 


.576. 


■5q38 


-6095 


■6260 


6426 


6591 


6756 


.6920 


-7083 


-7246 


.7408 


9 


3o 


.5764 


■593. 


.6097 


.6263 


6429 


6594 


6758 


.-6922 


-7086 


■7249 


-74ii 





3i 


.5767 


5934 


6[oo 


■ 6266 


6432 


"ev? 


6761 


.6925 


.7089 


■ 725r 


^74M 


1 


32 


.5769 


5536 


6io3 


■ 6269 


6434 


6599 


6764 


.6928 


.7091 


■7^54 


-7417 


2 


33 


■577i 


.5^9 


6106 


.6272 


6437 


66^2 


6767 


.6931 


.7094 


.7257 


-7419 


3 


Z4 


.5775 


.5942 


.6108 


.6)74 


6440 


66o5 


6769 


.6933 


.7097 




-7422 


4 


3 


.5778 


.5^45 


.6111 


.6277 


■ 6443 


■ 6608 


6772 


.6936 


-7099 


■-726^ 


-7425 


5 


3 


.5781 


■5947 


■ 6[i4 




.6445 


.6610 


-6775 


.6939 


.7(02 


.7265 


-7427 


36 


3 


.5,83 


.5^0 


.6117 




■ 6448 


.66i3 


.6777 


■ 6^1 


■7105 


.7268 


-743o 


37 


3 


.5786 


.5953 


.6.19 


.6285 


■ 6451 


-6616 


-6780 


■6944 


-7108 


.7270 


.7433 


38 


3 


■5789 


.5956 


■6t22 


■ 6288 


.6454 


.6619 


.6783 


■6947 




-7273 


.7435 


39 


4 


.579^' 


.5959 


.61 15 


■ 629. 


■ 6456 


.662? 


.6786 


-6950 


.71(3 


-7276 


.7438 


4o 


4 


.5795 


.5961 


■ 6123 


.6294 


I459 


-6624 


Tfr^ 


^6^ 


-7116 


.7279 


■7441 


41 


4 


.5797 


.5964 


.6i3o 


■ 6296 


-6462 


-6627 


.6791 


■ 6955 


.7.18 


.7281 


-7443 


41 


4 


.5Boo 


.5967 


.6133 


.6299 


-6465 


-6630 


-6794 


.6958 


-7121 


.7284 


-7446 


43 


4 


.58o3 


-5970 


.6i36 


.6362 


.6467 


.6632 


.6797 


.6961 


.71M 


.72B7 


■7449 


44 


4 


.58o6 


.5^. 


.6139 


.63o5 


.6470 


■6635 


.6799 


.6963 


.7127 


-7289 


■ 7452 


45 


4 


.5So8 


.5975 


.6i4i 


■ 6307 


.6473 


-6638 


.6802 


■ 6966 


.7129 


.7292 


-7454 


46 


4 


.5811 


■5978 


-6i44 


.63io 


.6476 


.6640 


-68o5 


.6969 


.7132 


.7295 


-7457 


47 


4> 


■ 5Bi4 


.598. 


.6147 


■ 631 3 


.6478 


.6643 


-6808 


.6971 


.7135 


.7298 


.7460 


48 


4 


.5817 


.5984 


.6i5o 


.63i6 


■6481 


.6646 


.6810 


■6974 


■ 7137 


■7300 


.7462 


49 


5 


> -5820 


.5V 


■ 6i53 


.63i8 


■6484 


.6649 


.68i3 


■6977 


■7'4o 


.7303 


.7465 


5o 


5 


■5825 


.59B9 


Telss 


■ 63ai 


^ 


.6651 


.6816 


.69S0 


■7143 


.7306 


^ 


5i 


5 


1 -5825 


.5992 


.6:58 


.6324 


■6489 


.6654 


.6819 


■6982 


■7" 46 


.7308 


.7471 


52 


5 


3 -5828 


.5995 


■6161 


■6327 


■ 6492 


.6657 


■ 6821 


.6985 


.7<48 


.73u 


.7473 


53 


5 


4 .5831 


■5997 


.6i64 


.633o 


■ 6495 


.6660 


.6824 


.6988 


.7.5r 


.7314 


■7476 


54 


5 


5 -5834 




■ 6166 


.6332 


.64?8 


-6662 


.6827 


:699t 


■ 7154 


.7316 


■7479 


55 


5- 


6 -5836 


.600: 


.6160 


.6335 


■ 65oo 


.6665 


■m? 


.6993 


-7.56 


.7319 


■748; 


56 


5 


7 .5839 


.6006 


.61-7^ 


.6S38 


,65o3 


.6668 


.6832 


.6996 


•7'59 


-732, 


-7484 


57 


5 


I .584= 


.6009 


■ 6175 


.6341 


■65o6 


■6671 


.6835 


■6999 


■ 716; 


.7325 


.7467 


58 


5 


9 -5845 


.60.1 


■ 6178 


.6343 


.65o9 


■6673 


.6838 


■ 7001 


.7165 


.7327 


.7489 


59 


6 


u .5847|.6oi4 


.Si 80 


■ 6346 


_^ 


-66761-6841. 


-7004 


.7.67 


.733 


■749^ 


eS 



Hosted by 



Google 



TABLE OF. CHORDS! [RADm = 1.0000], | 


H. 44° 


45° 


46° 


17° 


48° 


49° 


50° 


31= 

8610 


53° 


53° 

8924 


54= M. 

90SQ 0' 


o' .7492 


7654 


"^ 


7975 


8i35 


S294 


8452 


I -7495 


7656 


7817 


7978 


8i37 


8297 


8455 


861 3 


8770 


8927 


9oBa f 


. -7458 


7659 


7820 


7980 


Bi4o 


8299 


8458 




8773 


8929 


9085 2 


3 .7500 


7665 


7823 


7983 


8143 


83o2 


846o 


.8618 


8775 


8932 


9088 3 


4 -7503 


.7664 




7986 


8145 


83o4 


8463' 


.8621 


8778 


8934 


9090 4 


5 .7506 


■7667 




7968 




83o7 


8466 


.8623 


8780 


8937 


^3 5 


6 .7508 


.7670 


7831 


7991 




83io 


.8468 


.86a6 


8783 


8940 


9095 6 


7 .75u 


.7672 


7833 


7994 


8i53 


83ia 


8471 


.8629 




8942 


9098 7 


8 .7514 


■ 7675 


7836 


7996 


8i56 


83r5 


■ 8473 


.8631 


8?88 


8945 


9,0. 8 


9 .7516 


.7678 


7839 


7999 


8159 


83i8 


.8476 


.8634 


8791 


8947 


9103 9 


il .7519 


.7681 


7841 


8002 


Br6i 


8320 


.8479 


.8635 


8794 


8^0 


.9106 10 


11 .75== 


■ 7683 


Iw 


8004 


T^ 


"sals 


.8481 


.8639 


"^ 


8953 


.9,08 77 


:= .75j4 


.7686 


■7847 


8007 


8167 


8326 


■ 8484 


.8642 


6799 


8955 


.9111 12 


i3 .75=7 


.7689 


.7849 




8169 


83 a8 


.8487 


.8644 




8958 


.9113 i3 


14 -7530 


.769; 


.7852 


S012 


■8172 


833i 


.8489 


.8647 


8804 


8960 


■9116 i4 


1 5 -7533 


■7694 


.7855 


801 5 


■8.75 


8334 


■ 849^ 


.8650 


8807 


8^3 


.9119 i5 


16 .7535 


.7697 


.7857 


8018 


■8177 


8336 


■ 8495 


.8652 


8809 


8966 


.9121 16 


17 -7538 


■7699 


.7860 


8030 


.8180 


8339 


■8497 


.8655 


6812 


8968 


.9; 24 17 


18 .7341 


■7702 


■7863 


Boa3 


■ 8i83 


834i 


.8500 


.8637 


8814 


897. 


■9126 18 


19 -7543 


.7705 


.7865 


8026 


■ 81 85 


8344 


.B5oa 


.8660 


8817 


8973 


.9139 19 


20 .7546 


.7707 


■ 7868 


8028 


8188 


8347 


.85o5 


.8663 


8820 


8976 


.9132 20 


21 .7549 


■ 7710 


,7871 


"e^ 


8190 


8349 


^85o8 


■ 8665 


8822 


8979 


■9134 ai 


22 .7551 


.77.3 


.7873 


Bq34 


8.93 


8352 


.85io 


■ 8668 


8825 




.9137 a2 


a3 .7554 


.77-5 


■ 7876 


8o36 


8196 


8355 


.8513 


■ 8671 


8828 


8984 


.9139 23 


i4 -7557 


.77.8 


.7879 


8039 


8,^8 


8357 


.85x6 


.8673 


8830 


8^86 


.914a 24 


i5 -7560 


-77'' 


.7883 


8042 


820J 


836o 


■ 85 18 


■ 8676 


8833 


8989 


.9145 25 


aS .7562 


■7723 


.7884 


8044 


.8204 


83G3 


■ 85ai 


.8678 


8835 


.8^ 


■9147 26 


27 -7565 


.7726 


■ 7887 


8047 


.8206 


8365 


-8523 


.8681 


8838 


■8994 


■9150 27 


28 -7563 


.7729 


.7890 


8o5o 


.8209 


8368 


.8526 


■8684 


B84i 


.8997 


-9152 a8 


29 -7570 


.773. 


.789a 


8o52 


■8212 


8371 


.8529 


■ 8686 


■ 8843 


.8999 


.9155 29 


3o .7573 


.7734 


■ 7895 


8o55 


.8ai4 


8373 


■853; 


.8689 


■ 8346 




.9157 3o 


3i -7576 


■7737 


.7893 


8o58 


.8217 


.8376 


.8534 


.8692 


^8848 


.9005 


■9160 3i 


3s -7578 


.7740 


.7900 


8060 


.8250 


.8878 


.8537 


■ 8694 


.8851 


.9007 


.9163 32 


33 -758! 


,7743 


.7903 


8o63 


.822. 


.8381 


.8539 


■ 8697 


.8854 


. 9i)[o 


.9155 33 


34 -7584 


■7745 


.7^ 


.S066 


■8225 


■ 8384 


.8542 


.8699 


.8856 


.9012 


.9168 34 


35 -7586 


■7748 


.7^ 


B068 


■ 8228 


.8386 


.8545 


.8702 




■90=5 


■9170 35 


36 .7589 


■7750 


■79" 


8071 


.8i3o 


-8389 


.8547 


.8705 


■ 8861 


.9018 


■9173 36 


37 -759= 


.7753 


■7914 


8074 


.8233 


.8392 


■ 8550 


.8707 


■ 8864 


.9020 


■9176 37 


38 -7595 


■7756 


.79:6 


8076 


.8236 


.8394 


-8552 


.87.0 


■8867 


■ 9023 


■9'7a 38 


39 -7597 


■ 7758 


.7919 


8079 


■8238 


.8897 


.8555 


■ 8712 




■ 9025 


■9181 39 


40 -7600 


■ 7761 


.7922 


8o8i 


■ 8241 


■ 84oo 


■ 8558 


.8715 


.8872 


.9028 


-9iB3 4c. 


4^ .7603 


■7764 


■79=4 


■ 8084 


T^ 


.6403 


.8560 


Ti^ 


1m 


T^sT 


■^ 4I 


42 -7605 


.7766 


.7927 


.8087 


■ 8246 


.84o5 


.8563 


.8720 


.8877 


.9033 




43 .7608 


.7769 


■ 7930 


.8090 


.8249 


.8408 


■ 8566 


-8723 




.9036 


■9191 43 


44 .7611 


■777= 


.7932 


'8092 


.825) 


.84to 


.8568 


.8726 




.9038 


■9194 44 


45 ■76'3 


■7774 


.7935 


.8095 


.8254 


.84i3 


■ 8571 


.8728 




.904. 


■9190 45 


46 .7616 


■7777 


.7938 


■8098 


.8257 


.84i5 


■8573 


■873. 


.88S7 


■9044 


.9199 46 


47 -7619 


.7780 


■ 7940 




.8259 


.8418 


.8676 


■8734 


.8890 


.9046 


.9201 47 




.7785 


■7943 


■8io; 


.B262 


.84=1 


■8579 


■8736 


.8893 


.9049 


■9204 48 


49 .7624 


.7785 


■7946 


■8io5 


.8265 


.8423 


■ 858: 


.8739 


.8895 


.505' 


-9207 49 


56 -76^7 


.7788 


■7948 


■8108 


.8267 


.84=6 


.8584 


■8741 


.8898 


.9054 


-9209 5o 


Ti -7625 


■779 


^ 


■ 8C1I 


.8270 


^84^ 


.8587 


.8744 


.8900 


'^6 


■9=1= Ui 


52 -763 


■ 7793 


■7954 




.8273 


■ 843 


■8589 


■8747 


.8903 


.9055 


■9214 52 


53 -7635 


■ 779^ 


.7956 


■ Sue 


.8275 


.843 


.8592 


■8749 


'l^i 


.906 


.9=17 53 


54 -7638 


■779S 


.7959 


.8115 


I281 


■ 843 


.8694 


.8752 




.9064 


■9219 54 


55 ■764c 


■ 780 


.7962 


.812 




■ 843 


■8597 


.8754 


.8911 


.906 


■922a 55 


56 -764 


.7804 


.796. 


.8124 


'.8283 


■844 


■ 8600 


■8757 


■8914 


.90a 


.9225 56 


57 '764 


.7807 




■81a 


■8286 


■844 


■ 8602 


■8760 


-8916 


.907 


-9227 57 


58 -764 


.780 


■ 7970 




■ 82@9 


■844 


.86o5 


.8762 


.8919 


■907 


■9230 58 


59 -765 


.781 


.7972 


■ 8i3 


.829 


■ 845 


■ 8608 


.8765 


.89a 


.907 


■9232 59 


60 .765 


.781 


.7975 


■8i3 


■8294 


.845 


■ 8610 


■8767 


■8924 


.908 


■9235 el 



Hosted by 



Google 



TABLE OF CHORDS; 


[Radius = 1.0000]. 1 


M. 55= 

o' .9335 


56° 

9389- 


JIJO 

9543 


S8= 
9696 


19° 


60= 


61° 

i-oi5i 


ea^ 


63° 


.0598 0' 


.0000 


-o3oi 


.o45o 


! -9238 


939?. 


9546 


9699 


|85i 


■ ooo3 


1.0I53 


.o3o3 


■o45a 


.0601 I 




93^. 


9548 


9701 


9854 


■ ooo5 


1-0156 


.O3o6 


.0455 


.o6o3 2 


3 .9143 


^7- 


^55t 


)7o4 


5S56 


-0008 


i^oi58 


.o3oe 


.0457 


■0606 3 


4 -9145 


9400 


9553 


9706 


9859 




1.0161 


-o3ii 


.0460 


.0608 4 


5 .9.48 


^02 


9556 


9709 


986. 


.oo[3 


1-0163 


-o3i3 


-0462 


-o^ii 5 


6;. 9260 


94o5 


9559 


97H 


9864 


.00 [5 


!.oi66 


.o3i6 


-o465 


.o6i3 6 


7 'Oisa 


9407 


9561 


9714 


^66 


-0018 


1-0168 


■ o3i8 


.0467 


.0616 7 


8 .9s56 


9410 


9564 


9717 






1.0L7I 


■o32I 


.0470 


-0618 -8 


9 .9=58 


^t3 


9566 


9719 


987. 


-002 3 


,.0.73 


.o323 


■ 0472 


■0611 9 


10 -9261 


94.5 


9569 


972a 


9874 


.0025 


1-0176 


.0326 


■0475 


.0623 10 


M -0263 


9418 


9571 


9724 


9876 


-0028 


1-0178 


.0328 


1-0477 


■0626 u 


12 .9266 


P20 


9574 


972.7 


^79 


-oo3o 


1.0181 


.o33i 




.0628 12 


i3 -9=68 


9423 


9576 


9729 




■ oo33 


1-0183 


.0333 




i.o63o i3 


i4 -927' 


5425 


9679 


9732 


9884 


.0035 




.0336 


1.0485 


1.0633 i4 


.5 .927'i 


9428 


958t 


9734 


9886 


■ 0038 




.0338 


1-04B7 


1-0535 i5 


16 -9276 


9430 


9584 


9737 


9889 


i^oo4o 


J.0I9I 


.o34i 


1-0490 


1^0638 16 


17 -9279 


.9433 


95B7 


9739 




1.0043 


1.0.93 


.0343 


1-0492 


i^o64o 17 


■8 .928; 


■ 9436 


9589 


9742 


W^ 


1.0045 


.■0,96 


1-0346 


1^0495 


i^o643 18 


19 -9384 


-9438 


9592 


9744 


9S97 


I -0048 


"0201 


■■o348 


1.0497 


1.0645 19 


ao ■92B7 


■944. 
-9443 


9594 
9597 


9747 
9750 


9899 
9902 


i^oo5o 




l.o35i 
1.0353 


1.0502 


1.0648 20 
i-o65o 7i 


.21 -9289 


(-0053 


I^0203 


22 -9292 


-9446 


9699 


9752 


9904 


i-oo55 


1-0206 


,.0356 


i.o5o4 


1.0653 22 


23 -9294 


■9448 




9755 


9907 


1-0O58 


I -0208 


I.0358 


I .0507 


I.0655 23 


24 '9^97 


■ 945i 


9604 


9757 


9909 


I ■0060 




i-d36i 


1-0509 


.■0658 24 


25 .9299 


•9454 


9607 


9760 


99^ 


i^oo63 


i.o2r3 


I.0363 


1.05l2 


I ■ 0660 25 


26 -9302 


■ 9456 


96.0 


9762 


9914 


i^oo65 


i.02i6 


1-0366 


i.o5i4 


1.0662 26 


27 -9305 


-9459 


96.2 


9765 


9917 


1.0068 




I. 0368 


i-o5i7 


1-0665 27 


18 -9307 


-^61 


9615 


9767 


99'9 


1-0070 




1.0370 




1-0667 28 


29 -9310 


■9464 


9617 


9770 


9922 


[■0073 




1.0373 


1-0522 


I ■ 0670 29 


3o ■93<2 


-9466 


9622 


9772 
9775 


■99^4 
■99=7 


1-0078 


1-0226 


1-0375 


1.0624 
r-o527 


1-0672 3o 


3i -9315 


1.0378 


1.0675 3i 


32 '9317 


■^7= 


9625 


9778 


.9929 


i-oo8o 


iio23i 


i-o38o 


1-0629 


1.0677 32 


33 -9320 


■9474 


9627 


.9780 


.9932 


1-0083 


1-0233 


1-0383 


1-0532 


1.0680 33 


34 -93=3 


■ 9477 


9S3o 


.9783 


.9934 


1.0086 


1^0236 


1-0385 


I -0534 


1.0682 34 


35 .93^5 


.9479 


-9633 


.5,85 


■9937 


1-0088 


(■0238 


1-0388 


1-0537 


.,o685 35 


36-9328 


.9482 


■ 9635 


.978B 


.9939 


I. 0091 


1.0241 


.-0390 


1-0539 


1.0687 36 


37 -9330 


■9484 


■ 9638 


.9790 


.9942 


1-0093 


1-0243 


1-0393 


.-0542 


1.0690 37 


38 -9333 


.9487 


■ 9640 


■ 9793 


.9945 


[■0096 


1.0246 


1-0395 


i.o544 


1-0692 38 


39 -9335 


.9489 


■ 9643 


-9795 


■9947 


..0098 


r.0248 


1.0398 


I.0547 


.-0694 39 


4I -9338 


.9493 
.9495 


■ ^5 

■ 9648 


.9798 
■ 9800 


.9950 
.9952 


i^oio3 


l-025l 


1.0400 


1-0549 


1.0697 45 


1.0253 


i.o4o3 


i.o55i 


1.0699 4i 


42 -9343 


■9497 


■ 9650 


-9803 


.9955 


1-0106 


1.0256 


[ .o4o5 


1-0554 


1.0702 42 


43 -5346 




:9653 


■ 9805 


.9957 


I^OEOS 


1-0258 


i.o4o3 


I.0556 


1-0704 43 


44 -9348 


^95^^ 


.9655 


.980B 


.9960 






1-0410 


..0559 


1-0707 44 


45 -9351 


.9505 


.9668 


-0810 


,9962 


I-0I13 


1.0263 


1 .o4i3 


i-o56 


1-0709 45 


46 -9353 


■9507 


■ 9661 




.9965 


1.0116 


1-0266 


i.d4i5 


i.o564 


1-0712 46 


47 -9356 


■ ^10 


-9663 


.981^ 


■ 99Q7 




1.0268 


1.041B 


i.o56e 


1-0714 47 


48 -9359 


■ 9512 


-9666 


.9818 


.9971, 








1.056s 


I ■ 0717 48 


49 -9361 


-95,5 






■997 


1.0123 


1-0273 


i.o4i3 


i.o57 


1.0719 49 


50 -9364 


.95.8 


-967' 


■ 9823 


■997 


(-0126 


1.0276 


1-042 


i-oSyd 


1.0721 50 


5^ -936e 


■ 9520 


■ 9673 


■ 9826 


■997 


1-0128 


1.027E 


1-042E 


1.067 


1^0724 5i 


5a -936 


-5523 


■ 9676 


.9828 


■998 


i.oi3i 


1-028 


,.043 


1-057 


i^07l6 52 


53 -937 


.9525 


■9678 


■ 9831 


.998 


1-0133 




1.043 


:.o58 


1-0729 53 


54 -937 


■9528 


■968, 


-9833 


.998 


1-0136 


1.028 


1.043 


i.o58 


1.0731 54 


55 -937 


-9530 


-9683 


■ 9836 


.998 


1.0138 


1.028 


1-043 


i.o58 


1-0734 55 


56 -937 


.9533 


■ 9686 


■ 9838 


■999 


1.0141 


1.029 


1-044 


i-o58 


1.0736 56 


57 -938 


■ 9536 


.9689 


.984 


■999 


1-0143 


1.029 


1.044 


1.059 


■■0739 57 


58 -938 


■9538 


-969 


.9843 


■999 


I-OI46 


1-029 


1-D445 1-069 


1.0741 58 




■954 


■969 


.984 


■999 


S r.oi48 


r.029. 


S 1.0447 '■o59 


ai.o744 59 


6? -93? 


■.954 


■ 969 


•984 




.ji.oi5 


i.o3o 


1-0450 1-069 


8 1.0746 60 



Hosted by 



Google 





TABLE OF CHORDS 


: [ItAD 


us = 1.0000]. 


1 


o' 


65° 

I.0746 


66° 

1.0B93 


67" 

1.1039 


68° 
1.1184 


69° 

1.1328 


70° 

-147= 


71°, 
I.i6r4 


79= 


73° 

..1896 


!^ 


I.. 756 




1.0748 


i.o8o5 


1.1041 


I.II86 


i-i33i 


.1474 


1.16.6 


1.1758 


...8;9 






1.0751 


1.0898 


1.1044 


1-1189 


1.1333 


■1476 


1.1619 


1.1760 


1-1901 




J 


t.0753 




1.1046 


1.1191 


1.1335 


.1479 


1.1621 


1.1763 


1.1^3 


3 


4 


1-0756 


1.0903 


I-.1048 


I. 1194 


1.1338 


.,48. 


1.1624 


1.17S5 


..1906 


4 


5 


1.0758 




i.io5i 


1.1,56 


i.i34o 


-1483 


1.1626 


1-1767 


.-.508 


5 


6 


1-076. 


1.0907 


.-io53 


1.1198 


1.1342 




1.1628 


1-1770 


1-19.0 


6 




1.0763 


1.0910 


1.1056 




1.1345 


-1488 


1.163. 


1.1772 


1.1913 




S 


1.0766 


1.0912 


I.I058 


1.1203 


1.1347 


.149' 


1.1633 


1..775 


1.1915 


8 


9 




1.09.5 


1.1061 


r.i206 


i.i35o 


1. 1493 


1.1635 


1.1777 


...917 


9 




1-0771 


1.0917 


1.1063 


i-iao8 


1-1352 


1.1495 


1.1638 


1-1779 


1-1920 




~ 


[■0773 


1.0920 


1.1065 


..1210 


1.1354 


1.1498 


1.1640 


1.1782 


1-1922 


77 




1.0775 


1.0922 


1.1068 


1.1213 


1.1357 


i.i56o 


1.1642 


I.. 784 


1 . 1924 




i3 


1.0778 


1.0924 




i.iai5 


...359 


I.l502 


i..645 


1.1786 


1.1927 


i3 


i4 




1-0917 


1-1073 


I. 1218 


1-136= 


i.i5o5 


1.1647 


1.1789 


..1929 


i4 


i5 


I:o?83 


1 .0919 


1.1075 




1.1364 


,..5o7 


i.i65o 


1.1791 


1.193. 


i5 


i6 


1.0785 


,.0932 


1.1078 




1-1366 


i-i5io 


1.1652 


I. 1793 


1.1934 


16 






J -0934 


1.1080 


1.1225 


1.1369 


I.l5l2 


1.1654 


1.1796 


1.1936 






1-0790 


1-0937 


1 ■ 1082 


1-1227 


..1371 


i.i5i4 


1.1657 


1.1798 


1.1938 




'9 


1-0793 


1-0939 


I.I085 


i.ia3o 


1..374 


1-1517 


1.1659 


...800 


1.194. 


'9 




^^ 


1 .0942 


I. 1087 


1-1232 


1.1376 


1-.5.9 


1..661 
1-1664 


i.i8o3 


1.1^43 
.-.946 




1-0797 


.-0944 


1 . 1090 


1.1234 


1-1878 


1-1522 


i.i8o5 






1.0946 


1-1092 


1-1237 


i.i38i 


1-1524 


1.1666 


1.1807 


1-1948 




23 




1.0949 


1..094 


1-1239 


1.1383 


1.1526 




1.1810 


1.1950 


23 


s4 


i-oSoS 


l.O^f 


I. 1097 


1.1242 


1.1386 


1-1529 


1-1671 


l.l8[2 


l.l552 


24 


a5 


\'°^Vo 


1-0954 


1.1099 


1.1244 


1-1388 


1.153: 


,-1673 


1-1814 


..1^55 


25 


26 




1-0956 




1.1246 


..1390 


1.1533 


...676 




1.1957 


26 




1.0S12 


1-0959 


I-1I0<1 


,.1249 


1.1393 


1.1536 


1.1678 




...959 


27 




i.oBiS 


I. 0961 


1.1107 


i.iiSi 


1-1395 


1.1538 


1.1680 




1.1952 


28 


29 




I .09G3 


t.1109 


...254 


1-1898 


i.i54i 


1.1683 


1.1824 


1.1964 


29 


3q 
3^ 


1.0820 


1 -0966 




1.1256 


1.1400 


1-1543 


1.1687 


1.1B26 
1-.829 


'■■966 
1.1969 


30 
3. 


i.oSaa 


1.0968 


1. 1114 


.-1258 


1.1402 


I-I545 


3a 


1.0824 


I .0971 


i-in6 


1.1261 


i.i4o5 


1-1548 


1,1690 


i.i83i 


1.1971 


32 


33 


1-0827 


1-097: 


1.1119 


1.1263 


1.1407 


i.i55o 


1,1692 


1.1833 


I. 1973 


33 


34 


1-0829 


1 -0976 




1.1266 


I . 1409 


i.i55a 


...694 


1-1836 


I. 1976 


34 


35 




1.0978 


1.112; 


1.1268 


1.1412 


1.1555 


1..697 


1.1838 


.■1978 


35 


36 


1-0834 


1-0980 


1.1126 


1.1271 


1.1414 


1.1557 


1.1695 


1.1840 


i.i^So 


36 


37 


1.0837 


1.0983 


1.1128 


1.1273 


1-.417 


i-i56o 




.-1843 


1..983 


37 


38 


1.0839 


1-0985 


i.ii3i 


I. 1275 


1.1419 


1-1562 


i-ijoA 


1-1845 


..1985 


38 


39 


1-0841 


1-0988 


1.1133 


r..278 


t.l421 


i-i564 


i.1706 


1.1847 


1.19S7 


39 


4o 
4i 


1.0844 


1.0990 


1-1136 


1.12S0 


1 - j424 


1-1567 


1.1709 


l.i85o 


1.1990 


4o 
4. 


I .o846 


1-099; 


1.1138 


1.1283 


1-1426 


1.1569 


1.1711 


..i852 


1.1992 


42 


1-0845 


1.0995 


1.1140 


I. 1285 


1.1429 


,.i57i 


1-1713 


1.1854 


-1994 


42 


43 


i.oS5 


1.0997 


1-1143 


1.1287 


I.i43i 


1.1574- 


\'Vl\ 


.-1857 


1-1997 


43 


44 


1.0854 




..ti45 


1.1290 


:-.433 


1.1576 




1.1859 


1.1999 


44 


45 


..0856 




1.1148 


1.1292 


1-1436 


1.1579 


1-1720 


i.i86i 




45 


46 


i.oBSc 


I - ioo5 


i.u5o 


..1295 


r.i438 


i.i58i 


l-i7'3 


.-i864 


1-2004 


46 


47 


1-086 




1.1152 


1.1297 


1.1441 


1.1583 


1-17=5 


1.1866 


I.2005 


47 


48 






i-ii55 


1. 1 299 


1.1443 


1.1586 




I. 1868 


i.aoo8 


48 


49 


1 .086 




1.1157 


i.i3oI 


.■1445 


1.1588 


i^73o 


1.1871 




49 


■5o 
Si 


1.086 


1-10. 


1-1160 


i.i3o4 


1-1448 


1-1590 


1. 1732 


1-1873 


I.20I3 


5o 
5i 


7^7 


i.ioi 


1.116 


i.l3o 


..i45o 


1-1593 


1-1735 


1.1875 


J.2015 


5a 


1.087 




1.116 


i.i3o 


1-1452 


i.i5?5 


1.1737 


1-187S 


1.2018 


52 


53 


,.087 




1.116- 


i.i3t 


1-1455 


1.1^ 


1-1739 


i-iSSo 




53 


54 


..087 




..1.6s 


i.i3i 


I. 1457 


t.i6oo 


1-1742 


1.1882 




54 


55 


1.088 




1.117 


i.i3i 


i.i46o 


1.1601 


1-1744 


I -1885 


1.2025 


55 


56 




I -102 


1.117 


i.i3t 


1-1462 


i-i6o5 


1-1746 


1-1887 


1.2027 


56 


57 


1.088 


1.103 


1-117 


1.132 


1.1464 


1.1607 


1-1749 




1.2029 


57 


58 


1.088 


i.io3 


1.II7 


r.i32 


1.14&7 


1.1609 


1-175; 


\.\sgt 


I.2032 


58 


59 


1.089c 


I.I03 


1.IT8 


l.l32 


1.1469 


1.1612 


1.1753 


1.1854 


i.2o34 


59 


eZ 


i-0893 i-io3 


1.118 


I.l32 


1.1472 


1.1614 


1-175Q 


1.1896 


I.2036 


66 



Trosted by 



Google 



TABLE OF CHORDS: [RADnra^l.OOOO]. | 




o' I.2036 


^50 


9^6° 


77° 


78= 


79° 


80" 


81' 


82° 


0' 




-2.75 


i-23i3 


..2450 


.2586 


.3732 


1.2856 


1-1989 


.3.2. 




1 i.ao39 


-2.78 


.-23.6 


1.2453 


.2589 


.1724 


..2858 


1.2991 


.3.23 






a i.so4i 


.2.80 


.-23.8 


1-2455 


-259. 


-2726 


..2860 


.-2993 


.3.26 






3 1.2043 


.2.82 


I.2320 


..2457 


-=593 


-2728 


..286? 


..2996 


.3,28 


3 




4l I -2046 


.2.84 


i.a322 


..-2459 


-2595 


.273. 


J. 2865 


t.2998 


.3i3o 


4 




5 1-2048 




1.2325 


1-2462 


.2598 


1.2733 


.-1867 


i.3o™ 


.3i32 


5 




6 i-aoSo 


^2189 


1-2327 


..2464 


.2600 


1.2735 


.-1869 


I-30O2 


.3.34 






7 1-2053 




1-2329 


1-2466 


|.»6o2 


..2737 


1-287! 


i-3oo4 


.3i37 


7 




8 i.ao55 


Y-Vi^k 


.-2332 


..2468 


1-2604 


..2740 


..2874 


. . 3oo7 


-3139 


8 




9 I ■ id57 


..21^ 


1.2334 


..247. 


..2607 


1.2742 


..2876 


r.3009 


.3.4! 


9 




10 1.2060 
M 1.2065 


..2.98 


1.2336 


..2473 


1.2609 


1.2J44 


1.1878 


1.3011 
1-30.3 


■3i43 






I. 220. 


.-2338 


1-2475 


.-16II 


1.2746 


..2B80 


-3i45 




12 It -1064 


..22o3 


I-234I 


1-2478 


.-2614 


..2748 




1.30.5 


-3.47 






i3 i-2o66 


1-2205 


1.2343 


..2480 


1-2616 


t.275. 


1.2885 


i.3oi8 


.3.50 


.3 




i4 1-2069 


.-2208 


..=345 


..2482 


1.261B 


.-=753 


1.2887 


1.3020 


.3.52 


.4 




i5 1-2071 




1.2348 


t.2484 


1.2620 


..2755 


..2889 


1.3022 


-3 154 


.5 




16 (-2073 




I.235o 


1.2487 


..2623 


1.2757 


..289T 


i.3oa4 


-3.56 


16 




17 1.J076 


.-2214 


1.2352 


..2489 


1.2625 




..2894 


1 . 3o27 


.3.58 


17 




iS 1-2078 


.-2217 


.-2354 


1.249. 


1.2627 


r.2?^ 


1.2896 


1.3029 


.3.61 


18 




19 I - 2080 


(.2119 


..2357 


r.2493 


.-2629 


t-2764 


1.28^ 


i.3o3; 


.3.63 


'9 




20 I -2083 
IT 1-2085 


..2214 


^•^359 


..2496 


1.2632 


..2766 


..2900 


i.3o33 
i.3o35 


.3.65 






1-2361 


t-2498 


1-2634 


..2769 


1.2903 


..3.67 






..2226 


.-2364 


..25qo 


..2636 


. - 177. 


1.2^ 


i.3o38 


..3.69 






a3 ! - 2090 




.-2366 


r.25o3 


[.2638 


.-2773 


1.2907 


i.3q4o 


(.3.72 


23 




24 1 1 - 2092 


I.2l3l 


,.2368 


t-25o5 


,.264. 


.-2775 


1.2909 


r-3o42 


1.3.74 


24 




25 1-2094 


1.2233 


..1370 


1-2507 


1.2643 


..2778 


1.291. 


i-3o44 


.-3.76 


i5 




26 I ■ S097 


1.2235 


..1373 


.-2509 


1.2645 


. . 2780 


1.29.4 


i-3o46 


1-3178 


16 




27 1-3099 


1.2237 


..2375 


r-25.2 


1.2648 


..2782 


1.2916 


i-3o49 


.-3i8q 


27 




28 i-aio! 


I - 2240 


..2377 


.-25:4 


I.2650 


1-2784 


1.29.8 


i.3o5i 


.-3i83 


28 




29 I-2iOA 


1-2242 


I.2380 


1-25.6 


1.2652 


.-2787 


..2920 


1-3053 


i.3i85 


29 




3o I -2106 
3i 1-2108 


1-2244 
..2247 


1.2382 


.■s5i8 


1.2654 


1-2789 


..2922 
.-2915- 


i-3o55 


1-3.87 
-3.89 


3o 
3. 




.-2384 


1.252. 


1.2656 


r.2791 


I .3o57 




32 I-2!!I 


1-2249 


J -2386 


1.2523 


..2659 


1.2793 


1.2937 


..3o6o 


..3.9. 


33 




33 1-21.3 


1.225i 


1.2389 


1.2525 


..266T 


1.2795 


1-2929 


i.3o6a 


.■3193 


33 




34 l-ni5 


1-2254 


..239. 


1-2528 


1.1663 


..2798 


..293! 


i-3o64 


..3196 


34 




35 i'2ii7 


.-2256 


..i3^ 


1-2530 


1-3665 


1.2B00 


1-2934 


i-3o66 


.-3.98 


35 




36 I -mo 


1-2258 


..2356 


1-2531 


1-266B 


.-2802 


..2936 


i-3o68 


l-32$0 


36 




37 1-1111 




..2358 


1-2534 


1.2670 


1-2804 


.-2938 


..3071 


1-3202 


37 




3B I-2I24 


1-2263 


I-24O0 


.-2537 


..2672 


.-2807 


1-2940 


..3073 


1-3204 


38 




39 1-2127 


..2365 


1.240 


-2539 


..2674 


t.1809 


..1^2 


.-3075 


[.320> 


39 




40 t-2129 


1-2267 


.-24o5 


1.254. 


.-3677 


1.28. 


W945 


(■3077 
1.3079 


1.3209 


40 
4. 




4, 1.2,3. 


1 ■ 2270 


1-2407 


1.2543 


.-2679 


..28.3 


.-2947 


(.3211 




42 1-2.34 


..227a 


..2405 


..2546 


.-2681 


.-28.e 


..2949 


1.3082 


1.3213 


41 




43 1-2.36 


1.2274 


1-24. 


..2548 


1-2683 




.-295. 


i.3o84 


..32i5 


43 




44 >-2i38 


1.2277 


i-24W 


1.2550 


1-2686 


1.282c 


1.2954 


i-3o86 




44 




45 t-2l4l 


1.2279 


l.24lt 


1-2552 


J. 2688 


..282 


1.2956 


..3oBB 


1.3220 


45 




46 1-2143 


..228; 


1.24. 


1-2555 


.-2690 


1-282 


.-2968 


1.3090 


1.3223 


46 




47 I ■=■45 


1.2283 


1.242 


1.2557 






1-1^ 


1-3093 


1.3224 


47 




48 .-2148 


1.2286 


..242 


..2559 


1:2695 


..282 


1-2962 


..3095 


1-3226 






49 i-n5o 


..2288 


.-242 


..2562 


,.2697 


..283 


..2965 


..3097 


1-3228 


49 




5o I-1.52 


1.2290 


..242 


.-2564 


..2699 


.-283 


1-2967 


.-3099 


.■3i3i 


5I 




5. 1-2.54 


1.2293 


.-243 


..2566 


1.270 


1.283 


1.2969 


i-3io. 


1-3233 


5i 




52 .-215 


1.22^5 


..243 


1-2568 


I.27"4 


1.283 


1-397. 


i-3io4 


i-3i35 


52 




53 i-2i5<; 


1.2297 


1.243 


..257 


.-2706 


1-284 


1.2973 


.-3id6 


..3237 


53 




54 i-i'6 


..2299 


.-243 


1-2673 


1.2708 


1-2B4 


1.2976 


i.3io8 


,.3239 


54 




55 I-31& 


l-23Si 


1-243 


..2575 




.-2845 1-2978 


..3iio 


1.3242 


55 




56 i-»:6 


i-23o4 


..244. .■i577 




1.2847 1-2980 


1.3.. 2 


1-3244 


56 




57 ..216 


..23o6 


t.2443 1.258 




.-2849. -2982 


i.3i,5 


1-3346 


57 




58 >-2.7 


1-2309 


1.2446.-258 


1.27. 


1.285! 1.2^5 


..3117 


1-3248 


58 




5p 1.2.731.2311 
^ 1-2.75. •23[3 


.-2448 1.258 


1.27. 


..1854.-1987 


1.3..S 


t.325o 


59 




1.2450 1-258 


..272 


..2856 E.2989 


.-3X2 I..3252 


60 





Hosted by 



Google 





TABLE 


OF CHORDS: 


[Radios = 


= 1,0000], 








u. 


83= 


§4= 


85'' 


86° 


87° 


88= 


89° 


M, 




o' 


1.3252 


1-3383 


1-3513 


1.3640 


1.3767 


1.3893 


1.4018 


0' 






i.3a55 


1-3385 


i.35i4 


1.3642 


1.3769 


1-3895 


1.4020 








1.3257 


1-3387 


I.35I6 


1.3644 


1.3771 


1.3897 


1.4022 






3 


1.3259 


1-3389 


r.35i8 


'1.3646 


1.3773 


1.3899 


1.4024 


3 




4 


..3261 


1.3391 


i.353o 


1.3648 


1.3776 


1.3952 


1 -4036 


4 




5 


1.3263 


1.3393 


1.3523 


I. 3651 


..3778 


1-35^4 


1-4029 


5 




6 


1.3265 


■.3396 


1.3525 


1.3653 


1.3780 


l-3oo6 


i.4o3i 


6 




7 


,.3268 


1-3398 


1-3527 


1.3655 


1.3782 


1-3908 


..4o33 


7 




8 


..327=> 


1.3460 


1-3539 


1.3657 


1.3784 


i.35r. 


1 .4o35 






9 


1.3372 


!-3403 


1-3531 


1-3659 


1.3786 


t.3912 


1.4037 


9 






1.3274 


1.3404 


1-3533 


1-3661 


1-3788 


1.39,4 


i±^ 






7^ 


1.3376 


1.3406 


Ts^ 


1-3663 


1-3790 


1-39.6 


1.4041 


77 






1.3279 


1-3409 


1-3538 


1-3665 


'■379^ 


1-3918 


1.4043 






i3 


1.328; 


i-34it 


1.3540 




1-3794 


t-3920 


1.4045 


i3 




14 


1.3283 


i.34r3 


1-3542 


1.3670 


..3797 


1-3922 


1.4047 


i4 




i5 


i.3a85 


i.34i5 


1.3544 


1.3672 


1-3799 


1 -3925 


1 .4049 


i5 




• 6 


1.3387 


1-3417 


1-3546 


1.3074 




1-3927 


i.4o5i 


16 






1.3289 


1-3419 


1.3548 


1.3676 


i-38o3 


1-3929 


1.4053 






11 


I-.3293 


1.343; 


1-3550 


..3678 


i-38o5 


1-393; 


i.4o55 


18 




'9 


1.3294 


1.34^ 


1.3553 




t.3807 


1.3933 


i.4o58 


'9 






1.3296 


1.3426 


1.3555 


1.3683 


1-3809 


1.3935 


1.4060 






~ 


1-3598 


7l4^ 


1-3557 


1-3685 


1.3811 


1-3937 


r.4063 


^ 






,.do 


1.3430 


,1.3559 


1.3687 


1.3813 


1.3^39 


1.4064 






a3 


I. 3303 


1.3432 


1.3561 


1.3689 


i.38i6 


1.394. 


1.4066 


23 




24 


i.33o5 


1.3434 


1.3563 


1.3691 


i-38i8 


.,3943 


1-4068 


24 




a5 


I -3307 


1.3437 


1-3565 


1-3653 


1-3820 


1-3945 


1.4070 


35 




s6 


1.3309 


1.3439 


1-3567 


r-3695 


1-3833 


1-3947 


1.4072 


26 






1.33.; 


i-344t 


.-3570 


1.3697 


1-3824 


1.3950 


1 .4074 


27 




i8 


i.33i3 


1.3443 


1.3572 


1.36^9 


i-38a6 


1-3952 


1.4076 


38 






i.33i5 


1.3445 


1.3574 


..37S; 


1-3828 


1.3954 


1.4078 


29 




3o 


1.3318 


1-3447 


1.357S 


1.3704 


I.3830 


■■3956 


1-4080 


3o 




3i 


1.3320 


1.3449 


1.3578 


1.3706 


1-3832 


1,395s 


1 -4082 


3i 




32 


1.3322 


1.3453 


1-3580 


1.3708 


1.3834 


1-3960 


i-4o84 


32 




33 


1.3324 


1.3454 


1.3583 


1.3710 


1-3837 


1-3^3 


1.4086 


33 




34 


1.3323 


1.3456 


1-3585 


i.3;,3 


1.3839 


1-3^ 


1.4089 


34 




35 


1.3328 


1.3438 


1.3587 


1.3714 


1.3841 


1.3966 


1.4091 


35 




36 


1.3331 


1.3460 


1.3589 


i.3;i6 


1.3843 


1.3968 


1-4093 


36 




3? 


1.3333 


1.3463 


1.3591 


1-3718 


1.3845 


1-3970 


1-4095 


37 




38 


1.3335 


1 -3465 


1.3593 


1.3731 


1-3847 


1-3973 


1-4097 


38 




39 


..3337 


1.3467 


..3595 


1.3723 


1-3849 


1-3975 


.-4099 


39 




40 


1.3339 


1.3469 


1-3557 


1.3725 


1.3851 


1-3977 


1.41S1 


40 




4i 


1-3341 


1.3471 


1.3599 


1.3727 


1.3853 


1-3979 


1.4103 


4- 




4a 


1.3344 


1.3473 


1-3602 


1.3739 


1-3855 


1-3981 


1.4105 


42 




43 


1-3343 


1-3475 


l.36o4 


■.373; 


1-3858 


1.3583 


1.4107 


43 




44 


1-3348 


1-3477 


i-36d6 


i.3;33 


1-3860 


1.3^85 


1.4109 


44 




43 


I-3350 


1-3400 




1.3735 


1-3862 


1.3987 


1-4111 


45 




4fi 


1-3352 


1-3482 


1.3610 


1.3738 


1-3864 


1-.3989 


1-4113 


46 




47 


1.3354 


1-3484 


i.36ia 


1.3740 


I-38M 


,-399: 


1.41.5 


47 




48 


1.3357 


1-3486 


i.36i4 


1 .3742 




1-3993 




48 




49 


r.3359 


1.3488 




1.3744 


1.3870 


1.3555 


vi'Ii 


49 




56 


1-3361 


1.3490 


1.3619 


1.3746 


1-3872 


1-3997 




5o 




3j 


1-3363 


1.3493 


,.362, 


I .3748 


1-3874 


1.3999 


1.4124 


5i 




55 


t-3365 


1.3495 


1-3623 


1.3750 


1-3876 


1.4002 


..41=6 


53 




53 


1-3367 


..3497 


1-3625 


1.3752 


1.3879 


1.4004 


1.4138 


53 




54 


1-3370 


1-3499 


1-3637 


1.3754 


1.3881 


1-4006 


..4i3o 


54 




55 


1.3372 


1.3501 


1-3639 


1-3757 


1-3883 


1 -4008 


1.4-32 


55 




56 


■ 1.3374 


i.35o3 


1.3631 


1.3759 


1.3885 


i-4oio 


1.4134 


56 




57 


1-3376 


i-35o5 


1.3634 


1.37-61 


1-3887 


1.4012 


i-4i36 


57 




58 


1-3378 


i.35o8 


1-3635 


1.3763 




r.4oi4 


..4i38 


58 




59 


1-3380 


1.3510 


1-3638 


..3765 


1.3891 


1.4016 


1.4140 


59 




eS 


11 1.3383 


1.3512 


1.3640 


1-3767 


1.3893 


I. 4018 


1.4.42 


60 





Hosted by 



Google 



TABLE 



SATDUAl SISES AND TASGENTSi 



EVBKY DEGEBB AND MINUTE OF THE aUADBAHT. 



Ir the given sngle 13 less than 45°, look for the degrees and the title of the 
column, at t5ie top of tte page ; and for the minutaa on the left. But if Uie angle 
is between 45° wid go'^, look for tha dsgreSH and tlis titla of the column, at the 
bottom; and for the minutea on the ri^Tii. 

The SeuanU and Cosamttia, wHch are not inserted in this tiihlc, may be eosilj 
enppliod. It 1 be divided by the cosine of an arc, the cinofjont 1*111 be tlia secant 
of that are. And if i be divided by the sine, tiie quotient will be the coeocant. 

The values of the Sines and Coynes avs less than a uait, and are ^ven in deiu- 
mals, although the dedtoal point is not printed. Bo also, the tangents of arcs less 
thaii4S', and cotangents of area greater than 45°, are less than a unit an-J are ox- 
preBsed in deidnmls with the deinmal point omitted. 



Hosted by 



Google 




Hosted by 



Google 




Hosted by 



Google 




Hosted by 



Google 



NATURAL SINES AND COSINES. \ 


~ 


»• 1 


__J_° i 


170 [ 


.= 1 


19° 




Bine. 


o=i^. 




mine. 


Sine. 


C»b,.. 


Sine. 


Oori.., 


She. 


CkF^ne. 




5881 


P^ 


27554 


96156 


^'^fil 


9630 


30903 


9 106 


32557 


^4557 


60 




5910 


27592 


0m3 




9622 


30929 


95097 


35584 


94542 


§ 




5c)38 


96578 


27620 


96110 


29293 


9 6i3 


30957 


9 088 




94533 


3 


5966 


965S5 


27643 




29321 


9 60S 


30985 


95079 


32639 


94523 


5, 


i 


5994 
6aaa 


27676 
27704 


s 


25348 
59376 


sa 


3IOI5 


fx 


35667 
32694 


945'4 
94504 


i 


6 


60S0 


9M47 


27731 


96078 


59404 


95579 




95o55 


32722 


lai 


54 


T 


a60T9 


9^40 


2,59 


960JO 
96054 


39432 


95554 


31095 


95043 




53 


8 


aSioT 

i6i35 


96532 
96524 


UU 


29460 


31123 
3ii5i 


95o33 
g5024 


32K 


&. 


5a 
5i 




26163 


96517 


2 843 


96046 


95545 


31178 


95oi5 


35835 


94457 


5o 




26191 


96509 


57871 


96037 


59543 


95536 


3. 506 


95006 


32859 


& 


8 




a5ai9 


96502 


27899 


96029 


59671 


95538 


3i533 


■>» 




i3 


56347 


ff 


57953 


96051 


S959Q 


95519 


3i36i 


35914 


94428 


S 


a 


56575 


2795^ 


96013 


29656 


95511 




94979 


3=943 


944.8 


i5 


s63o3 


96479 


57933 


96005 


29654 


95502 




94970 


32969 


94409 


45 


J6 


26331 


9647. 


28011 


95997 


29682 


& 


3i344 


9^961 


32997 


94399 




n 


a635g 


96463 


28039 


959S9 


297.0 


3,375 


94952 


33024 


94390 


43 


<3 


26361 


96456 


28067 


95981 


m^J 


9459 


3.399 


94943 


33o5, 


94380 




Jo 


2641 5 
26443 


96448 
96440 


28095 
28123 


&l 


39765 

39793 


31457 
3,45; 


94933 
94954 


SS 


Ss 


% 




5647i 


96433 


28i5o 


95955 


29^51 


9 45o 






33i34 


94351 


H 


j3 


565oo 
56553 


96425 
96417 


58178 

5S5d6 


95948 
95940 


a 


?S 


3i5io 
3153, 
3i56! 


ISg 


33i6i 
3189 


94342 
94332 


38 
^1 


24 


55556 


96410 


23534 


95931 


29904 


95424 


33ai6 


94325 


36 


25 


56584 


96405 




95953 


2^932 


^415 


31593 




33244 


943.3 


35 


26 

3 


56613 
S6640 
56668 


96379 


58290 
283i3 
28346 


95915 


29960 

as 




31620 
31648 
3.6?5 


Si 

3336 


94303 
94293 
9428; 


34 
33 

32 


29 


56696 


& 


28374 




30043 




3.703 


9^2 


3353 


942L 


3i 


3o 


56754 


28402 




300,1 


^5373 


31,30 


94832 


333, 


3o 


3( 


a675a 


96355 


28439 


95874 


30098 


95353 


31753 


94853 


33408 


94554 




3a 


26180 
26808 


96347 


28457 
5848S 


95865 


3oia6 


95354 


3n86 


94814 


33436 


94345 




33 


96340 


95357 


3oi54 


95345 


31^,3 


94805 


33463 


94535 


27 


34 


26836 


95332 


28S.3 


9584^ 


3oi8i 


95337 


3,34, 


11J$. 


33490 


54535 


26 


8 


26854 


96324 


28541 


& 


30209 


953a^ 




335,8 


942,5 


25 


16892 


96316 


28569 




30237 


95319 


3,896 


11!^ 


33545 


94306 




H 


26920 


96308 


a 


96824 


30565 


95310 


3,953 


33573 


94 






38 


2^ 


96801 


,5816 


3029 a 


95301 


3195, 


94758 


33600 


94 






39 




» 


28652 


95807 


3o3ao 


u 


\'^ 


94749 


3362, 


94 


t 




40 


27004 




9*799 


3o348 


94 40 


3365S 


94 


67 






27035 


&l 


28708 


95791 


30376 


u 


35o34 


94 30 


33685 


94 


57 


'g 




27060 


28736 


957ga 


3o4oJ 


3206 


94 21 


33710 


94 


47 


18 


43 


27088 


96261 


28764 


& 


3o43i 


n 


35080 


94 ,2 


33737 


94 


37 






57116 


0253 


28795 


30450 


321,6 


94 OS 
94693 


33,64 


94 


3' 




45 


57144 


96245 


53^20 


95757 


3o4B6 


95240 


32144 


33792 


94 


ll 


j5 


46 


27172 


96238 


28847 


95749 


3o5i4 


95231 


3217 


94684 


IS 


94 




U 


^^7 


57200 


96530 




96740 


30342 


55332 


35199 


94674 


tX 


i3 


43 


57558 


96555 


28903 


95735 


30570 


95a i3 


35557 


946^5 


33374 




49 


57556 


96214 




95724 


3o597 


95ao4 


3255 


94656 


3390, 


ts 




60 


27584 


96206 


58959 


95715 


30655 




3258 




33920 




5i 


573,5 


96,98 


'M 


m 


3o653 


951^6 


32309 


94637 


330? 


94058 


9 


55 


S7340 


itx 


3o63o 


& 


3233 


94657 


33963 


94049 


8 


53 


=7368 




95690 


30708 


3236 


9461^ 


3401! 


94039 


7 


54 


27396 


96174 


29070 


956gi 


30736 


95159 


3239 


94609 


34033 


94021 


6 


55 


27iM 


96166 


29098 


95673 


30763 


95i5o 


324, 


94599 


34o65 




5 


6 


27452 


96158 


29126 


966^4 


3o79 


95.45 


3544 


IX 


34093 


94oor 




1 


17480 


96150 


29154 


95656 


30^19 


95.33 


3347 


341 50 


P^ 


3 


27508 


96142 


29182 


95647 


30846 


95,54 


3256 


?S; 


3414, 




9 


27536 


96134 


59509 


g5639 


3087, 


95ii5 


35559 


341,5 


i^. 






=756^ 


0126 


2553? 


95630 




95106 


3555' 


94552 


34202 







CoHno. 


"^ 


C^n.. 


Si=e. 


C«in« 


Sbe. 


C™nc 


Sine. 




Si.. 




U° 


13° 


12° 


71° 


10° 


' 



Hosted by 



Google 




Hosted by 



Google 




Hosted by 



Google 



NATURAL SINES AND COSINES. j 




80" 11 


_JL= .1 


8= II 


3B'> 1 34° 1 


' 


SJna. 


^slue. 




Co^l,.. 




CMine. 


Bine. C«b«.| SIDE. |cffl™.| 






(66^ 


5i5o4 


15717 


52992 




54464 


(3867 55qlq| 


82904 


60 




5oo35 




3i5i9 


35^87 


536:7 


14789 


54488 




55943 


82887 


3o 




5oo5o 


^6673 


5i554 


5304! 


s 


545x3 


i3835 


55968 


8387, 


58 


3 


5ooi5 


85 S9 


5.579 


856p 


5So56 


54537 


838i9 


5599a 


838te 


U 




5oioi 


86 44 




85567 


53091 


54561 


838o4 


56oi6 




3 


5oi36 


86 3o 




85642 


53ii5 


84738 


54586 


8378B 


56040 




55 


6 




86 i5 


5:653 


85527 


53140 




546,0 


83772 


56064 




54 


I 


60176 


86 01 


51678 


85613 


53 164 


54535 


837^6 


55o88 


(2790 


53 


50201 


85486 


6no3 


SI 


53189 


S 


83740 


56„a 


s?; 


5a 




5o227 


86471 
864*7 


51728 


532.4 


84666 


83724 


55i36 


5i 




0352 


5.753 


85567 


53a38 


84650 


54708 


83708 


56i6o 


8a 4, 


5o 




5o3n 


8644a 


61778 


8555; 


53363 


84635 


54733 


83^92 


56iS4 


Ba 24 


40 




io3o2 


86457 


5i^i3 


85536 


5338S 




54756 


83676 


56ao3 


82 08 
8269a 


48 


i3 




85413 


61828 


855a 1 


533 la 


B45o4 


54781 
64805 


8356o 


56232 


47 




^52 


853q8 


5i852 




53337 


84588 


836^ 


56256 


82673 
32669 


45 


Is 


o3n 


86384 


51877 


85491 


53361 


84573 


54829 


83629 


56280 


45 


i6 


5oio3 


8636g 


61902 


854^? 


53386 


84557 


54854 


836,3 


563o5 


83643 






5o4a8 


86354 


51927 


53411 


84542 


54878 


SV. 


56329 


83636 


43 


!S 


5o453 


86340 


5i95i 






845)6 


549M 


56353 


82610 






Sai7B 


86323 








84511 


54927 


83665 


56377 


825,3 






SoS^ 


86310 


5^ 








S495i 


335i5 


6640! 


82677 






9o528 


S6aQS 
86281 


Saoa6 






54975 


B3533 


56425 


823^, 


3? 




SoS53 


5ao5i 


85383 






54999 


835,7 


56449 
56 73 


3a544 


3S 




30378 


86266 


5ao76 


833^ 






55024 


835oi 


83523 


^7 


U 


3o6d3 


86a5i 




535S3 




55048 


83485 


6497 


835,1 


3^ 


13 


6o6a8 


B6237 


5aia6 


85340 


53607 


84411 


5507a 


83460 


5621 


83495 


35 




6o654 


S6iM 


SaiSi 


85325 


53632 


auo)- 


55097 


83453 


6 45 


82478 


34 




5o6io 


B6ao7 


Saj75 


85310 


53656 


ai3a6 


55i5i 


83437 


6 69 
6693 


824^3 


33 


li 


^4 






85294 


33681 


84370 
84355 


55145 


8343i' 


82446 


33 






86^^ 


55225 


85279 


53706 


55169 


83405 


56617 


82439 


3! 


3o 


5^54 


52350 


853^4 


53730 


84339 


55194 




5664i 


824. J 


3a 


3i 


tui 


86148 


5aa75 


85249 


53754 


84324 


55218 


83373 
83356 


65565 


833^ 




3a 


86i33 




85234 


is 


843o8 


55343 


i» 


3I 


33 


60829 


86119 


523!^ 


86118 


84292 


55366 


83340 


83363 


27 


34 


5o854 


86104 


5a349 


852o3 


53838 


842^7 


66391 


83324 


55736 


B2347 


2^ 


as 


60879 


86089 


52374 




53853 


3426 


553 15 




56760 


8333o 


35 


36 


609^4 




52399 


85173 


53877 


8424 




83292 


56784 

55ao8 


833,4 




37 


50929 




5242^ 




5390a 


8423o 




83275 
83260 


83297 


33 


3^ 


6093; 




52448 


86142 


53926 


84214 




56832 


833^, 




39 




86630 


52473 


86127 


5395. 


841^ 
84182 


55 12 


83244 


56856 


83364 




45 


S^ 


86013 


62498 


85112 


53975 


55 36 


83228 


56380 


8334> 




4i 




86000 


6a5la 


ssX 


34000 


84167 


55 60 


83213 


56904 




S 


42 


5lo5i 


86983 


52347 


54034 


8415? 


55484 


83,95 


56928 




43 
44 


51079 
61104 


'^■^ 


62572 
5259- 


86066 
85o5i 


54049 
54073 


84135 
84130 


55 09 
55 33 


33,79 


56953 
66976 


a 


\l 


45 


51129 


85,41 




85o35 


54091 


84104 


55 57 


83147 




83,65 


i3 


46 


5ii54 


85926 


32646 


85o2o 


54133 




55581 


83,3, 


67024 


82148 




8 


I'S 




5267 
52696 


35oo5 


l?,f 


84072 
84057 


556o5 
56630 


83ii5 
83098 


67047 
5707, 


3213 


i3 


49 


5is=9 


5)720 




54195 


84041 


55654 


83o82 


57095 


3209 




sS 


3,aS4 


8386( 


Sa745 




34230 


8402: 


35678 


83o66 


57ii9 


831^ 




3i 


31279 


85831 


62770 








55703 


83o5o 


57143 


8206 


t 


5s 


Si3i 


85836 


Sf, 








55726 


83o34 


57.67 


8204 


63 


5i329 


858ai 






83?!' 


55760 




67,91 


32o3 




54 


5i35. 




52844 






55,75 


83ool 


5{2i5 


B20, 


I 


55 
56 


5137. 


857^ 
85777 


5286 


am 


5434 

54365 


8394( 
83930 


§1 


8295^ 


57333 

7352 


l\f 


5 
4 


S 


sU; 


837^2 


529? 


84851 


5439 


83gi5 
B3S0Q 


5534 


7=85 


8196 


3 


5i4S4 


83747 


5294 


84836 


5441 


5587 


82936 


73,0 


8,949 




59 


5i479 


83732 


5296 


84820 




5589 


83930 


7334 


8193 




6o 


5i5q. 


35717 


5m 


848o5 


54464 8386' 


55919 83904 


1353 




o 






"^ 


CO^DS 


am.. 


Co«... m^. 


Cosine. 1 Sine. 




li'ne 




69° 


58" 


SI'' 


BS» 


55° 


i 



Hosted by 



Google 




Hosted by 



Google 




Hosted by 



Google 




Hosted by 



Google 





NATURAL TANGENTS AND COTANGENTS. 








t° 


"5="-"" 


6 




70"-""] 




rang.c., C0K.g. 


Tangenl. 


Colacg. 


Tansfct. 


Cot^ug. 


r«Dgent. 


Cotsng. 


o 


06993 u 


:oo7 


08749 


ll-43ot 


106 10 


9-51436 


12278 


8.14435 


60 




0702s 14 




08778 


11-3919 


.0540 


9-4878. 


123o3 


8-1248. 


u 




O7o5i 14 


1821 


08807 


11.3540 


10669 


9-461-4! 


ia338 


3-10536 


i 


O7o3q U 


1235 
0655 


08895 


n-3i63 

11-2789 

;;;3 


10628 
10657 


9-43515 


12367 


i- 08600 
^-047^ 


u 

55 




i 


08925 


10716 


9-35724 


12456 


8-02848 


54 


7 


07191 i3 


0S954 


11-1681 


9-33154 


12485 


8-00948 


53 


6 


07221 i3 
07256 i3 
07235 .3 


08983 


Iii3i6 






.a5i5 


7.99058 


52 


LO 


7821 
7267 


090-13 
09042 


iiiS 


•Jll 


'^aSsi 


12544 
12674 


Hint 


5. 
5o 




oi3i4 i3 


6719 


09071 


io834 




12603 


7-93438 


S 




073W i3 


IS 


09IDI 


10-9882 


10863 




12633 


;|| 


i3 
i5 


0,373 13 
07402 I 3 
07431 i3 


09130 


iivi 


10893 


9:15554 
9-.3093 


ia66a 
1269a 
12721 


1 


i6 


07461 i3 


4o39 


09218 


10-8483 


10981 


9-10646 


12751 


7-84242 


44 




07490 I 3 


35.5 


' 09247 


io-'8i39 




9-08211 


1=781 


7-82428 


43 


',1 


07519 i3 
0754s 13 


It 


ss 


10-7797 
10-7457 


no^ 


;.o5«89 
9-03379 


12810 
12840 


7.80622 
7.78825 


42 
41 




07578 1 3 


,969 


09335 


10-7110 


lli^ 
11158 






7.77035 




I'l 


sa s 


^,58 


^65 
09394 


10 -M 

10. 6450 


8:96521 


12929 


.7*254 
.73480 


1 


23 


07665 i3 


0453 


09423 




11187 


8-93867 


12958 


m 


35 






9962 


09453 
0948a 


10.5789 
10.5462 




8-91520 
8-8^862 


.2988 
i3oi7 


i 


^753 11 




10-5136 


.1276 


13047 


■66466 


34 




0%2 'll 


8496 


09 41 




..3^5 


8-84551 


i307i 


.64732 


33 






80U 




10-4491 


1.335 


8 -8225a 


i3io6 


-63oo5 


32 




07841 12 


7536 




10-4.72 


Ii364 


S;;a 


i3i36 


■6.287 


ii 


3o 


07870 12 


7062 


09629 


10.38*4 


11394 


I3i65 


7-5957S 


3o 


3i 


07899 12 


6591 


09658 


10-3538 


11423 


I-IM 


,3195 






33 

33 
3d 


as? ;=. 


6124 
566o 
5i99 


09688 
^4^ 


10-3224 

■IS 


11452 
1148a 
ii5ii 




1 32 24 


h, 


35 


4742 


zv>t 




il54i 


8.66482 


i33i3 


7-51132 


25 


36 


08046 13 


4288 




11570 


8-64276 


13343 


.^.49465 


24 


^7 


08075 II 




09834 




11660 


8-62078 


13372 


7-47806 


23 


3^ 


08104 II 


3390 


0^864 


io-i38i 


11629 


B-M^ 


'3402 


^4^154 




39 




as 


09893 




11655 


tluil 


i343s 


7-44509 








09923 


.0-07S0 


11688 


l346i 






41 


08192 11 


206l 


0995a 


10-0483 


11718 


8. 53402 


13491 


:4i24^ 


19 






1632 


09981 


'0-0187 


11747 


8. 51259 
8-49128 
8-47001 


i352i 


■39616 


16 


A3 


08380 \l 


0772 




9-96001 


VM 


i355o 


:S 


\l 


45 


oB3o9 12 


0^46 




9-93101 


11836 


3.4489^ 


I3609 


i5 


46 


08339 II 


9923 


10099 


^:g 


Ii865 


8-42795 




7.33190 


14 




08368 11 


9^04 


1012? 


11895 


8-40706 


.3669 




i3 


08397 I 


^^ 


ioi58 




11924 


8-38^25 


13696 


7-3^0.1 




fg 




iOiBt 




11954 


8-36555 


13728 


7-28442 






Bdi 


10216 




.1983 


tm 


13758 


7.26873 




5i 




7853 


10246 


9.76009 


12013 


13787 


7-25310 


9 


52 


o85i4 11 


7448 


10275 


9-73217 




8-30406 


li 


7.2375, 


8 


53 


08544 11 


^i 


10305 


?:a 




8-28376 






54 


08673 II 


10334 




8- 26355 


13876 




i 


5S 


0860a 1 


6248 


10363 


9-64935 




8-24345 


.3906 


7-.9125 


5 


56 


08632 1 


5853 


10393 


9-6aao5 




8-2a344 


13935 


l.]& 




s 


08661 1 


5461 




3:SS 


12190 


8.20352 


13965 


3 


08690 I 


:a 


io45a 




8-18370 


13995 


-,-.45*3 




59 


08710 I 


10481 


9.54!i5 




8.16398 




7-i3o42 






08749 t 


•4301 


io5io 


1 9-5.436 


.227S 


8 -.4435 


1^34 


7-1.537 


° 


' 


Colang. T 


7^ 


Ooting 


1 Tangont 


Cotaog 


T=^H,t 


Colang 


Taogan. 


■ 


S6° 


84= 


88= 


83° 



Hosted by 



Google 





NATURAL TAN&ENTS AtTD COTANGENTS. | 










.= 1 «. 1 


11° 








■ng^nt. 


C=t.„g, 


r>i,g«,t. 


Cotang, langent- Colang. 


r^nt. Cotaz^- 






i4o54 


7-11537 


15838 


6.3.375 .7633 5 


6li65 


19433 5 


14455 








14084 


7.1O03S 


15868 


5-30.69 n663 5 


.9468 5 


13653 


^9 






■4n3 


7-08546 


.5S98 


5-29007 .7693 5 


652o5 


19498 5 


12862 


58 




3 


.4143 
i4it3 


vXi 


\%m 


6-27829 17733 5 
6-36655 17753 5 


64243 
53295 


19559 5 


.2069 
.1279 


s 




5 




7-oiio5 


15988 


6-25486 


17183, 5 


52344 


19689 5 


10490 


55 




6 


14531 


7-02637 


16017 


6-2432. 


17^13 5 


61397 


19619 5 


09704 


54 






mbi 


7-01.74 


,6047 


6-23i6o 


17843 


■60452 


19649 5 


.06921 


53 




I 


14291 


gS 


16077 


6-22003 


.7873 


11 


1^80 5 


-08T39 


5i 




9 


14331 




6-20851 


.7903 


197.0 


■07360 


5i 






1435. 




16137 


t'St 


.7933 


.9740 


.0M84 


5o 






14381 


6-95385 


l6'i9^ 
16226 


17963 


.56706 


.9770 


-o58o9 


49 




i3 


I44IO 


iB, 


t\a 


Xt 


til] 


I'fe 


.o5o37 
■04267 


48 
^1 






14470 




.6256 


6- .5.51 


.8053 


-53937 


19861 


-o3499 


aI 




i5 


14499 




162S6 




.8o83 


-53007 


,^39, 


.0=734 


45 






14529 


6-88278 


i63i6 


6-12B99 




■52090 


.99!. 


-01971 


44 




n 


U55g 


6-86874 


.6346 


VM 


13.43 


-51,76 


19962 


.0.210 


43 




iS 


I458g 


6-35475 


16376 


18173 


■50264 


19982 


-0045. 






■9 


14618 




i64o5 


6-09552 
6-08444 


i83o3 


:^f. 




■■■& 








14648 


6-82694 


i6.i35 


.3233 




40 






14678 


6-8i3i2 


.6465 


6-07340 


18263 


■4575. 

■A 


20073 


.98188 


'7 




33 


14707 
14737 


l;« 


.6495 
16525 


6-0^240 
6-05143 


18293 
18323 


20133 


■« 




25 


Zi 


tM 


15555 


6 -0405. 
6-02962 


18353 
.8333 


20164 
20194 


:?SS 


36 
15 




56 


,dl6 


6-74483 


,66i5 


6-0.^78 


184.4 


.43^77 




4.94460 


34 




^2 


14856 


6-73133 


.664S 


6-00797 


.8444 


-42192 


30354 


4-93721 


33 




13 




6-71789 


.6674 


t^'^ 


18474 


S-4i3o9 


20285 


4-92934 


32 






14915 




.6704 


i85o4 


5-40429 


2o3.5 


4-<,2249 
4-9i5i6 


3i 




3o 


14945 


6'?9n6 


16734 


5.97576 


18534 


5.39552 


20345 


3o 




3i 

32 


;f975 


tnti 


16764 
16794 


S.965.D 
5.95448 


18564 
.8594 


yg 


20376 
20405 


;;9o7B5 


? 




33 


i5o34 


6-65.44 


l6^5i 


5-94390 


18624 


20436 








34 


i5o64 


6-S3S3. 


16854 


5-933I5 


18654 


:36070 


20466 


;,Bi5o5 


11 




35 


i5o94 


6-6a553 


16884 


5-92283 


18684 


5-35206 


20497 


4-8788* 


25 






iSm 




16914 


5.9.235 


18714 


5.34345 


20537 


4.87162 
4-8i444 


S4 




^7 


i5i53 


6-5?o5^ 


16944 


5.00191 


18745 


5-33487 


20557 


23 




39 


i5i83 
i52i3 


1^974 
17004 


5-S9.5. 


M& 


5-3253. 
5.31778 


2o58S 
206,3 


tSJ 


3. 




Z 


15343 


17033 


5.87080 
5-8io5i 


.8835 


5.30928 


20648 


4-34300 






41 


15172 


6.54777 


.7063 




5-30080 


20679 




19 




42 


i53d2 


6-53io3 


.7093 


5-85024 


'.8895 






i3 




43 


15332 


6-52334 


.7.23 




.8925 




20739 


4-82.7; 


17 




44 


15362 


6-60970 


i7iS3 


5.82982 


18955 




20770 


4- 8147. 


16 




45 


15391 


6-497.0 


17133 


S-81966 






20800 


4.80769 


i5 




46 


15421 


6-43456 


.7213 


5-B0953 










14 




8 


1545! 


6-47206 


17243 


:W 


19046 


5-25048 




4.79310 


i3 




i548i 


6-4596' 


17273 


19076 


5-242.8 


20891 


4.78673 






49 


i55ii 


6-44720 


i73o3 


.77936 


.9.06 


i:gs 




tml 








i55io 


6-43484 


17333 


.7^937 


19136 








5i 


15570 


6.4sa5: 


.7363 


-7594. 


19166 


5-2.74' 


209S2 


4.7^595 


9 




5i 


.5600 




.7393 


5-74949 


19197 


5-2092; 




4.759^ 


6 




53 


i563o 




17423 


5-73960 


19327 


S3 


21043 


4.75219 


I 




54 


i566o 




.7453 


5-72974 


.9257 


2.1/73 


4-74534 




55 


15689 


6-3737, 


.7483 


5-7.992 






4-73851 


5 




56 


15719 


6 ■36.65 


.7513 


5-7ioi3 


I9317 


t\&, 


a.i34 


4-73.70 






^I 


i574< 


6-3496. 


17543 




19347 


21164 


4.72490 


3 




5fi 
55 




6-3376. 
6-32566 


hll^ 


1^37^ 
19408 


5<i6o58 
5-15256 


V^t 


4-7!8i3 
4.71137 


J 






.583! 


6-3.375 


1 17633 


5^67126 


.943a 


5-14455 


2,256 


4-7046: 









Co»ng 


T=ns=rt 




T8„BonL 


Cotag. 


T,ng.,lt 


Cotog. 


TsDgent 


< 




SI" 


80= 


19° 


1S° 



Hosted by 



Google 



NATUEA.L TANGENTS AND COTANGENTS. | 




,,. I 


n- 1 


14= 1 


16° I 


1 


' ranjHil,| Cotang. | 


I'antreM, 


Cot»^. 


angenl. CotOJig. Tanjonl. 


Colang. 


T 


aia5& 4-T0463 


a3o3i 
a3ii7 
a3i48 


4-33148 
4-33573 


24933 4 
24964 4 


Zt 


s& 


-l33o5 

■72771 






4-33001 


34995 4 


00086 




-73338 


58 


3 


!I 41 


4.68451 


J3.79 


4-31430 


26026 ; 


99592 




-71907 


1 


S 


ZV, 


;■ 67786 

ii6^53 


33340 


4-30860 
4-30291 


25o56 3 
250B7 3 


.1^, 


26951 


-7.476 
■7.046 


6 


11438 


23271 


4-29734 


25ii8 3 


■98.17 


26983 


■70616 


54 


3 


J1469 
21499 


tss 


23301 
23332 




as 


■97627 


37044 


■iol88 


53 

52 


g 


a.539 


4-64480 


33363 






27076 




5i 




a.566 


4-633a5 


23393 


4-2M52 


3534! 


-96165 


37.07 


i'fe 


5o 




11590 


4-63171 


23424 


35273 


-05680 


37133 


^9 




21621 


4- 62518 


23455 


25364 


-95196 


37169 


:-6Bo6i 


48 


i3 


2i65i 


4-6i86B 


23485 


4-25795 


25335 


-947.3 


3730. 


3.67638 


47 




Si682 


4-61219 


235i6 


4-a523Q 


25366 


■94282 


37232 


i:S 


46 


i5 


21712 


4-6o572 


33547 


4-24685 


25397 


■93751 


27263 


45 


i6 


21143 


4-59927 


33578 


4-24132 


25428 


■93371 


27294 


3.66876 




17 


;:8S 


4-5528i 


33663 


4- 33580 


35459 




3-^326 


3 ■65957 


43 


iS 


4-58641 


33639- 


4-33o3o 


35496 


37357' 


3-65538 


43 


'9 


ai834 


4-38DOI 


23670 


4-22481 


25531 




2738S 


-65.a. 


41 




21864 


4-37363 


23760 


4-aig33 


25553 


■9.364 


27419 


■64705 


40 




21895 


4-86736 


23731 


4-2i387 


25583 


-90890 


2745. 


■64289 


39 


i3 


2192S 
21956 


4.554^ 


23763 
23-793 


4-20842 
4-?^M 


35614 
35645 


:0 


37483 
27513 


■68874 
■63461 


38 
3? 


U 


21986 


4- 54836 


23to. 


35676 


■85474 


27545 


-63048 


36 




laon, 
laoii 


4-535^ 


33854 
33885 


4-!S5i5 


'^ 


:S 


27576 

27607 


.62536 
■62224 


35 

34 


tl 


2207^ 

22108 


4-52^6 


23916 
33946 


Wo 


It^. 


■87601 


3-t63^ 
37670 


3-6i8i4 
3 -61405 


33 

33 


S 


22139 
33169 


4-51693 
4-51071 


23m 
34008 


4- 1^530 


a533i 
2586a 


-87136 
-86671 


37701 
27782 


3-6o§^8 


3i 
3o 


3i 




4-50451 


24089 


l;ils 


2S893 




37764 


; -60181 


29 


32 


22231 


4-49832 


24069 


25934 


■35745 


a 795 




28 


33 
3i 


22561 
2229a 


tc 


241 3 1 


V& 


25955 
259S6 


■85284 
■848H 


2626 

3 853 


;:^ 


S 


35 


22322 


4-47986 


24162 


iA 


36043 


■84364 




25 




a2353 


-A 


2419J 


■839«S 


2 920 


: -58i6^ 


24 




32333 


24323 


4-12325 


36079 


■834^ 


2 9Sa 




23 


39 


3a4« 


4-46155 

4-4SS43 


24=85 


4-I2301 
4-11778 


36i4i 




2^ 


: '-th^ 


2. 


^ 


22475 


!:X 


243i6 


4-112^6 


3617 a 


28046 






41 


32So5 


24347 


4-10786 


36303 


■8i63o 


38077 


-56i59 


.9 


41 


a2S36 


4-43735 


a 


4-10216 


36235 


-81J77 


3B109 


-5575; 


■8 


43 


22567 


4-43134 


4-08666 


36266 


■8072^ 


a8i4o 


-55364 


n 


S 




4-42534 
4-,4i936 


a«39 
24470 


sa 


-80376 
■79S27 


28173 
28ao3 


■54968 
■54573 


1^ 
i5 




22658 


4-41340 


245oi 


4-o8i52 


26359 


i:» 




3-54.70 




'^l 


22689 


4-40145 


24532 


4-07639 


36390 


38266- 




i3 


4^ 


22719 


4-*.i52 


24562 


iffia 


a64!i 


3 -,8435 


3B397 






■49 


22750 




24593 


26452 




28329 


3-53001 




So 


22781 


iS 


24634 


4-06107 


26483 




28360 


3-53609 




3i 


22811 


24655 


4-05599 


265i5 


28391 


3-5aa.9 


1 


52 


2=842 


4-37793 


34635 


4-o5ooa 
4-04586 
4-04081 


26546 


38423 


3- 1839 


53 
54 


22872 
22903 


l-IO 


24717 

24747 


sa 


3B454 


■3- 144 
3- 1053 


I 


55 


22934 


4-36040 


'd 


4-03578 


36689 


: -7538* 


28S.7 


3- 0666 


5, 


56 


22964 


4-35459 


4-08075 


36670 


;;SS 


38549 


■ 0279 




\1 


22995 


4-3.587 


34840 


4-03574 




28580 


■4989^ 


3 


58 


23o26 


4-343O0 2^71 


4- 0207^ 


26733 


■7407S 


28612 


■49500 
■4913 






a3o56 


4-33723 24902 


4-01576 


26764 


■73640 


28643 




6i 


23o87 


4-33J48 1 34933 


4-01078 


26795 


3.73205 


28675 


■4674 







Ootang 


1 Tai,e<™t. j] Caang 


Ts^e^t 


aa^g. 


Tangent 


Co«.r 


Tangeat 




— ,.-|| «•- 


76° 


«. 





Hosted by 



Google 



NATUltAL TANGENTS AND COTANGENTS. | 




IB" 


~"r— -f 


18 


; 


19= 1 




anient. CoUng, 


regent. 


C«^«g. 


r»„g™i. 


C.«ng. 


rang«,t. 


CoUng. 


~ 


28fr,5 3 


48741 


3o573 


3.27035 


32492 


3.07768 


34^33 


2.90421 


60 




2B706 3 


4835, 


3o5o5 


3.26745 


3s534 


3-07464 


34465 


',9 


59 




2B738 3 


■m 


3o637 


3-36406 


2556 




34498 


58 


3 


s 


30669 


3-26067 


3SB8 


3.0685, 


34530 


2-89600 


^7 


i 


•.%t 




3-25729 


3621 


3^06554 


34563 


3-89327 


56 


5 




30132 


3-25^3 


2653 


3 ■06262 


34596 


''X 


55 






■ibd 


30,64 


3-25o55 


:3685 


3.06950 




54 


J 




■46080 


30796 


t:3ll 


32717 


3.05649 


3466! 


53 


6 




.45703 




32749 


3-05349 


34693 




52 






■45ia7 


30860 


3-24049 


32782 


3.05049 


34726 


2-8,9,0 


5i 




36990 


IS 


30891 


3-237i| 




3-04749 


34758 


a^3,,;o 


5o 




S902I 


30923 




32846 


3.044S 


3479' 


2-8^430 


49 




39053 




30955 


'23048 


32878 


3-34152 


34^24 


2-87161 
2-86892 


48 


i3 


39084 


'43829 


30987 


.33715 


329i. 


3-03854 


34856 


47 




29116 


■43456 




.33^84 


32943 


3-03556 


34889 


a. 86624 


46 


i5 


29.41 


.43084 


3^05? 


■23053 


32975 


3-03260 


■349a? 


3-86356 


45 


i6 


39179 


■42713 


3io83 


3-21722 


33007 


tx 


34954 


2-86089 


44 


n 




■42343 


3iii5 


iih 


33o4i 


34987 


3-85332 


43 


i3 


29Ma 


tf& 


3ii47 


33072 


3-o33,3 


3S019 


3 ■85555 




'9 


29274 


31176 


3-30734 


33.i4 


Bif 


35o52 


2 ■85280 






293^5 


-41236 


31310 


3.20406 


33j36 


35o85 


3^ 85023 




S2 


sss 


■40869 
3 '40502 


3.343 
31374 


l:SS 


33169 
3320I 




35i.7 
35i5o 


2-84494 


S 


a3 


39^00 


3-40136 


313^6 


3.19426 


3 233 


'isi 


■351 83 


2-84230 


37 




29432 


-39771 


3i33S 


3.19100 


3 266 


35ai6 


2.-83965 


36 


a5 


39463 


3-39466 


31370 


3.1S775 


It 


3^003 19 
3 ■00028 


35248 


2-83,02 


35 


36 


39495 


::« 


3i402 


■18451 


35281 


2-83430 


34 


'i! 


S9526 


3.434 


-.8.27 


3 363 


3 ■99,38 


35314 


a-83i,g 


33 


28 


39558 


3-38317 


31466 


-.7804 


3395 


iM 


35346 


2-82014 


32 


IJ 


29590 

3,631 


'M 


IX 


■■vfi 


3 427 
346i 


35379 
3541a 


2.B2653 
3-83391 


3o 


3i 


39653 


3-35234 


3i562 




3349a 


3.98680 


35445 






32 


29685 


3^3fe75 


31594 


3-165.7 


33524 




35477 


3.E1870 




33 


29716 


3^365i6 


31626 


3-16197 


33557 


2-98004 


355i6 


3.8i6;o 


37 


3a 


29748 


3.361 58 


3i653 


i:;al 


335B9 


2-97,17 


35543 


3.3i35o 


3^ 


35 


3S 


■35800 


31690 


3362? 


2-9,430 


355,6 


3-3100I 


55 


36 


■35443 


31722 


3 -.5240 


33554 


J:?SS 


356o3 


3.3o833 




^1 


29843 


3.35087 


31754 


l;;s 


33636 


35641 


3 .30574 


53 


38 


39815 


3.3473^ 




33718 


i$l& 


3 674 


3.8o3i6 




39 


■29906 


3-34377 






33751 


3707 


2.S0059 




40 


39933 


3-34o2i 


3,B5o 


!:ils 


33783 


2-96004 


3 740 


3.79802 




41 


29970 


3-33670 


31882 


33*16 


3.95731 


3775 


3.79545 


;1 






3-33317 


31914 


3-13341 


33848 


2-9543, 


3 sis 


2-79289 


43 


3oo33 


3-3296i 




3-13021 


3388. 


2.96.5^ 


35838 


2 --,903^ 


17 


44 


3oo65 


3.3a^i4 


3I978 


3 -12713 


339.3 


2-94873 


353,1 


i^ 


4S 


30097 


3-32264 


32010 


3.12400 


33945 


a. 94590 


35,^4 




.5 


46 

S 


30128 
30160 


lii^i 


32043 
33074 


■utl 


339,8 
34010 


l:& 


ig 


;:sa 


li 


30195 


3.31216 


32106 




34043 


3-93748 


365o2 


2-7750: 




i9 


3o234 


3-30868 


32139 




34075 


2-93468 


36o35 




aa 


3oa55 


3-3D521 


32171 


■10843 


34108 


2-pi39 


36o68 


2-77254 




Si 


30287 


3-30174 


33303 


.10532 


34140 


itr. 


36101 


2-7,003 




53 


3o3i9 


3.29839 


32335 


■1022; 


34173 


35i34 


2-7^750 


6 


■ S3 


3o35i 


3 ■2943: 


33267 


■ agtot 


34365 


2-92354 


36167 


2.W98 


. 7 


54 


3o382 


I'Si 


tss 


34238 


2-92076 


a 


2.76247 


6 


5S 


30414 




34270 




3-^599 


5 




3o446 


32363 


343o3 


l'-l\lt: 


36265 


3-75,46 




5. 


30478 


3-2810' 


32396 


34335 


2-91246 


36298 


3-75496 




3o5o9 
3054; 


tmu 


3242t 


3.077^8 


3436B 
34400 


3S 


35331 
36364 


3.75246 


J 


6o 


30673 


3.27085 


32492 


34433 




3639, 





■ 


&,B„g. 


T=„g™i 


Colang 


tangail. 


■*- 


1«,gmt 


Colang 


Tangent 


' 


73" 


72= 


71° 


70° 



Hosted by 



Google 



NATURAL TANGENTS AND COTANGENTS, | 




.0= -I 


31° 


,. 


.° i 




_,.,-.| 


Co»ng, 


regent. 


C^.,. 


sngeM, 


Vowxg. 


Iing^nt. 


Cotang. 




363ni 


■74748 


38386 


.6o5o9 
.60533 


404o3 


2-47509 


45447 


3.35585 


60 




3643i 


='S 


38420 


40436 


9-47305 


43482 


2.35395 


% 




36463. 


38453 


2-60057 


40470 


rsa 


435,6 


2.35205 


3 


364^6 




38487 


3-5983! 


4o5o4 


4355, 


2.35oi5 


7 


4 


36520 




38520 


2.59606 


4o538 


2.46683 


43585 


2.34825 


6 


5 


35562 


'7336? 


38553 


2-59381 


40573 


3-46476 


42619 


5.34636 


5 




3659S 


38587 


5-59156 
2.5S932 


4o5o6 


Its. 


42654 


2-34447 


54 


7 


366a8 


■73oi7 


386ji 


40640 


43688 


2-34258 


53 


s 


36651 


■72771 


38654 


3-58708 


40674 


2-4 S60 


42733 


2-34069 


53 




36694 


2.72^26 




2-58434 


40707 


2-45555 


43757 




5, 




36721 


2-72581 


3872, 




40741 


3.4545, 


43791 


2-33693 


5o 




36760 


a -75036 


38754 






3.45246 


42S26 


2-33505 


49 


l3 


IE 


r,3S 


ilffl 


2:578,5 
5-57593 


3-45043 

2-44830 


42860 
42894 


ISS, 


48 
47 


(5 


35859 
36893 


2.7i3o5 


38854 


=■57371 
5.57,^0 


40877 
409,, 


2-44636 
3-44433 


9 


;:iss 


ii 
45 


i6 


36935 


2-70819 


3892, 


2-56928 


40945 


3-44330 


42998 


3.32570 


44 




36i58 




39955 


5-56707 


40979 


2 -44027 


43o32 


2.32383 


43 


\l 


6^1 


3:70335 




5-56487 


4ioi3 


2-43825 


43067 


2.33197 


42 




7024 




39022 


2-56266 


41047 


2-43623 






41 




7067 


5-^3 


39055 


2.56046 


4io3i 


2-43433 


43i36 


5:31826 


40 




7090 


9-69612 


39089 


2-55357 


4iii5 


2-43230 


43170 


2.31641 


39 




71M 


2-69371 


39,22 


2-556oS 


41149 


3-43019 


43205 


3.31456 


3S 


23 


,,5t 




39,56 


3-55389 


41.83 


3-438,9 


43339 


2.31271 


^7 


U 




39,90 


3-55,70 


41217 


5-435,6 


43374 


2.31086 


ib 


25 


ilJaS 


39223 


3-54953 


4i25i 


2.43418 


43308 


2-30902 


35 


j6 


37555 


=:68414 


3^257 


2.54734 


4128S 


2.42218 


43343 


3.30718 


34 


'3 


37189 


2-68175 


39590 


2-545,6 


4i3i9 


3.42019 


43378 


3-30^34 


33 


2S 


3,322 


2-67937 


39324 


;;gs 


4i353 




43413 


3.3o35i 


33 


It) 


37355 


3-67700 


39357 


4i387 


2:4!65o 


43447 


3.30,67 


3i 


3o 


37383 


5.67465 


3^91 


5-53865 


4,421 




43481 


2-39984 


3o 


3i 


3 422 


2-57225 


39425 


2.53648 


4,455 


3-41333 


435i6 




59 


32 


3 455 


2-66989 


39458 


2-53433 


41490 


2-41035 


ss 


2.29619 


28 


33 




2-66755 


39495 


2-53317 


41524 


3-40837 


3-59437 


37 


3i 


3 5si 


2-665,6 


.39S6 


5-5300, 


41558 


2-4063 


43650 


5. 29^54 


56 


35 


3 554 




39559 


2-53786 


41592 


2-4043 


43654 


3-39073 


35 


36 


37588 


5'-66o46 


39593 


5-53S7, 




3-4023 


43689 


2-2^1 


24 


3? 


37651 




39656 


5-53357 


4i65o 


2-40O3 


43724 


V^-k 


23 


3^ 


37654 


5 165556 


39660 


2-53143 


41694 


2-39841 


43753 




39 


37687 


3-65342 


39694 


2-5,939 


417=8 


2-39645 


43793 


2-3834! 






as 


3-65100 
a -64875 


a 


2.5,715 

2.5,^03 


41763 


?:g§ 


43333 


2-38167 
2-5708r 


'% 


43 


t;a 


2-64642 
2-64410 


m 


1:IS 


3-39058 
2-38862 


s 


5-57806 
2-27626 


17 




37853 


\i%i 


39862 


fi 


3-33663 


43^66 


2-37447 


lA 


45 


37887 


39B96 


3:50655 


5.33473 


44001 


2-3-,367 


i5 


46 


37950 


5-63714 


39930 


5-5o44o 


41968 


5-38579 


44036 


3.37088 


'i 


S 


37953 


j-63i83 


39963 


5.50229 




2-33o84 


44071 


2.26909 


,3 


£: 


2-63252 


a 


2.5oo,§ 


42036 


3.37B91 


44ID5 


3.26736 




49 


2-6302, 


2-49807 


42070 


3.37697 


44140 


2-25552 




sS 


38o53 


2-6279, 


40065 


•M 


43, o5 


3.37504 


44175 


3.36374 




5! 




2.62561 


40098 


43,39 


3-3731 


445 iO 


3.35,96 


1 


5i 




S -62332 


40,32 


lU 


45173 


3:3^92 




2.36018 


53 


38i53 


2-6S103 


40166 


42207 


44279 


2-25840 


7 


54 


38i85 


2-61874 




KK 


42242 


3-3673 


44314 


5-55663 


6 


55 


38220 


a-61646 


40334 


42276 


3-3554, 


»4 


9-554S6 


5 


56 


38253 


2-614,8 


40267 


2-48340 


43310 


2-36349 


5.55309 




■57 




2-6,190 


4o3oi 


3-48,32 


43345 


3-36,5! 


44418 


5-55,32 


3 


5^ 


38320 


2-60963 


40335 


3-47924 


42379 


^:ii 


44453 


3-34956 




59 


38353 


2-60136 
2 -60509 


40369 


5-47716 


45413 


44488 


3-34780 




60 


38336 


4040S 


2-47^09 


42447 


44553 


2-24604 





' 


C«m 


Tsngail 


Ca\we 


T..g™t 


C=t>,ng 


T^==t 


Cotaiig 


T^iE^il. 




69= 


68° 


^l" 


(10° 



Hosted by 



Google 




Hosted by 



Google 





NATURAL TANGEHTS AND COTANGENTS, 




"^ 


». n 


" I 


so° 1 


ai^ 




rangBnl, 


C«=^. 


Tangent. 


C»t=ng. 


angent. 


Coling. 


r=ng.it. 


CM^ng. 


J17I 


1-88073 


55431 


-8o4o5 


57735 


1-73205 


60086 


1.56428 


60 


I 


3203 
3i46 


;:K 


55469 

555o7 
55545 


■80281 


m 


1.73080 


60126 

6oi65 


1 -66318 
1-66209 


s 


3 


3i83 


•M 


■80034 


5785. 


60205 


1-66099 


7 




533JO 


55583 


■799" 


57890 


1-72741 


60245 


[■'£ 


I 


a 


53358 


1.87415 


55621 


■'€ 




1.7262S 


60584 


5 


6 

1 


533o5 
53^3 


1.8 283 
1. 87153 


55559 


;:S 


60354 
6o364 


vim 


■.i 


i 


53470 


1.8^1 


.79419 




1-72278 


6o4o3 








535^ 


55J74 


. 9296 




1-721W 


60443 








55^12 




58124 


1.72047 


60433 




5o 




53S8a 


55850 


58162 


1.71932 


6o522 




1 




53630 


1^86^9 






5fl50< 


i.7iS[7 


6o562 




a 


53657 


55926 




58540 


\-J,\^l 










Sgt 


1.86539 


55964 




58279 
583iS 


60642 


1 .64903 


'5 


1-86109 


56oo3 


.. 8563 


i-7'473 


60681 


1.6:595 


45 


16 


as? 


;;if; 


56o4i 


1.78441 


58351 


1-71358 


60721 


1.64687 


44 




55079 


1.78319 


S8396 


1-71244 


a; 


1.6457 


43 


\l 


53344 




56] {7 
56i5^ 


i.78i9g 


58435 




1.6447 


42 




5383i 




\:VS 


58474 




6o84! 


1.6436 


41 




53920 




56io4 

562i2 


585,3 


1-70901 


60881 


1-6425 








1-85333 


1-7 634 


SB555 


m 




1-6414 




li 


54^2 


1-85204 
i-85ol5 


56210 
563ii9 


\-X 


S; 


60960 


l-63p4 


*7 




Si 


|:W 


56347 
56385 


::;l 


53570 
58700 


1-70446 

1-70332 


t\X 


!' 637^9 


36 
35 


i 


1-84589 


564*4 


1-77330 


53748 


1-70210 


61120 


I,636i2 


34 


f 


54183 


..8456! 


56465 








61160 


1-63505 


33 


5«30 


1-84433 


565oo 






61200 


1,63398 


32 




54253 


i.843oS 


56539 


i-76S^9 




'liii 


61240 


■■^=92 


3i 


la 


54296 


I -84177 


56577 


1.76749 


58904 


61280 


i-63i85 


3o 


3i 


54333 


1-84049 


56816 


1-76630 


53944 


1-69653 


6i39o 


1-63079 


"8 


33 


54371 


I -83922 


56654 


1-76510 


58983 


1-6^41 


61 360 


WIS 
1.65760 


23 


33 
34 


54409 
S4446 


wse, 


n% 


1.76390 
1-76271 


59025 
,59061 


::gg 


61440 


S 


35 


54484 


..8354i 


'5^^ 


1-76161 




1,65503 


61480 


1-62654 


25 


36 


5452a 


1-83413 


1-76032 


I^Uo 


i;S 


61520 


1-62548 




3? 


54560 




56846 


1.75913 


59170 


6i56i 


1 -62442 


23 


38 


itSl 


I-83i5o 


S6885 


ill! 


59J18 


61601 


1-62336 




39 


I.83o3i 


56943 


59553 


\:se 


61641 


1-63230 






54673 


1-82906 


56962 


59297 


61681 


1-62125 






54711 


1-8S780 


57000 


1-75437 


59336 


1-68531 


61721 


1,62019 


19 




54748 


57o3o 


i-,53i9 


59376 


1-68419 


61761 


i,6i9M 


18 


i3 


54786 


1-81528 


57078 


1-76200 


5941S 


i-683o6 


61^01 


1-6.808 


'7 




54^H 


1.82402 


57116 


i-75oSa 


59454 


1-68196 
1.68085 


61842 


1-61703 


16 


45 


5485s 


1.82276 


57155 


1-74964 


59494 




1.61M 


i5 


47 


54900 
54938 


i.S2i3d 

1 -85025 


vx 


;:|! 


59533 
59673 


;:W 


61955 
6196a 


;:6l^8 


\i 


d 


54975 


1-81899 


57271 


59612 


1-67530 


62003 


1-6128; 




ii 


55oi3 
55o5i 




a 




59651 
59601 


62043 
62083 


1-61179 
1-6107, 


\l 


5i 


55089 


Il8j5a^ 


57386 




59730 


1-67419 


62124 


11^65 


9 


5j 


5 I31 


1- 81399 


57425 


1-74140 


a 




62i6i 


8 


53 


5 i65 


1.81274 


51464 


1 .74022 


62204 


iS' 


7 


54 


5 203 


i-8ii5o 


67603 


1-73905 


69840 


62245 


6 


55 


5 241 


1-81025 


57541 


\:X 


5^33S 


62285 




5 


56 


5 579 


1.80901 


57580 


59928 


6233S 


1-6054 


i 


a 


5531 
5 35il 


;;las 


57657 


1-73555 

1-73438 


69961 


\M 


62366 
62406 


3 


59 


55393 


1.80520 


1.73321 




1-6653^ 


62446 


1-60.J7 






5 4i. 


[■8q4o5 


577^5 


1-73205 


60086 


1,66428 


62487 


1-60033 







Colang 


Tange»i 


Colang 


Tangsnl 


Cotans 


Tai-gen. 


COI^ 


Tuneenl 




61= 


60" 


59= 


68" 






Hosted by 



Google 





KATURAL 


rANGEKTS AND COTANGENTS. | 


_ 1 


- n. _ 1 


3S« 34= 1 


35= 1 




angf«. 


c„... 


r«„g.BU 


Colfflig, iTangenl. 


Co.==B. 


ra„g«,t. 


Co.^. 


62487 


1.60033 


64941 


.53986 6145 1 


1.48356 


7003 1 


1-43815 


60 




6s5ij 


,.59930 


6498a 


■ 5im 61403 


1.48.63 


10064 


1-42726 






61363 


1.5^826 


65o23 


.53791 67535 


1-48010 


10107 


i-42«3 




3 


63608 


i:iSS 


65o65 


-53693 67578 


1 ■47977 


10i5l 


1-42550 


57 




62649 


65io6 


. 3595 67620 


1.47^ 


]Zfs 


i-.ft452 


56 


5 


62689 


1.59517 


65.43 


■ 3497 


67663 


1.41192 
[-41699 


;:gJI 


55 


6 


6S730 


>-^m 


65.89 


. 3400 


67705 


10281 


54 




62110 


I-593II 


65231 


. 3302 


67748 


1-47607 


103a5 


1 -43 198 


53 


I 


63^n 


1-59S08 


65372 


■ 3205 


^^ 


.■47514 


10368 




5a 




62853 


!■ 59105 


65314 




1 .47433 


70412 


I -43022 


5i 




63802 


I-siq™ 


65355 


. 3oio 


61875 


i.4l33o 


70455 


III 


5o 




61933 


653« 


- 20I3 


61917 


1-41338 


70499 


S 

*3 


i3 


62973 
63oi4 


',:f4? 


65433 
65480 


I. 2719 


K 


1 -41146 
1-47053 
1-46962 
1.46610 


10543 
7o586 






63o5a 


1.53593 


65531 


I- 2623 


68045 


706S9 


45 


i5 


63095 


1.58490 


65553 


1- 2535 


68088 


70673 


1-41497 


45 




63i36 


1- B3B3 


65604 


1.52429 


68i3o 


;;« 


70717 


1.41409 


44 




63 m 


I- 8a86 


65646 


i-5a332 


68173 


35 


1.41322 


43 


ll 


633 1 


1-58184 




1-52235 


6Ba[5 


1-46595 


1.41235 




'9 


63i5J 


1- 8d83 


55719 


..53.39 


68258 


1-465^3 


10848 


1.41148 






63199 


::X 


as 


I. 3043 


68301 
66343 


1-46411 
1.46320 


3s 


I -41061 


H 






i: ]i 


65854 


68386 


. .46239 


10979 


38 




6343r 


65806 
65938 


.- .754 


68439 


1-46135 


71023 




S 


S4 


63462 


1-57575 


!■ .658 


68411 


J -46046 


71066 


i:lS 


35 


635o3 


1-57474 


65980 


1- 1563 


685.4 


1^45^4 


71110 






63544 


1-57372 


66011 


|. 1465 


98557 


11 1 54 


1-40540 


34 




63584 


1-57271 


66o63 


1- 1370 


lS6oi 


1:45^^1 


11198 


1 .40454 


33 


2^ 


63635 


.-57.70 


66io5 


1. 1275 


68542 


71 =43 


1-40361 


31 




63666 


1-57069 


66147 


\:\2l 




1-45593 




1.40281 




3o 


63707 


1-5^969' 


66189 


68718 


1-45501 


71329 


1-40195 


3o 


3i 


63743 


1-56868 


66i3o 


1-50797 


as 

68851 


1.454.0 


71373 


1 .40109 


29 


33 

33 


S& 




SZ 


1.45330 
1-45229 


7.4.1 
71461 


;:S 


28 
27 


34 


63871 


66 56 


;.la;; 


68900 


1.45139 


71505 




35 


63911 


.-'56466 


66398 






71 540 


1:39^ 


25 


36 


63953 


1-56366 


66440 


i-5o5i2 






71593 


24 


H 


64oB 


i-56a65 


66481 


1-504.7 


69S38 




7i63i 




23 


3§ 


1.56.65 


66514 




69011 


;:a 




1-39507 




39 


64076 




66566 


1 -50238 


69114 


11725 


1-3943. 






64il7 


1-55855 


66608 


i-5oi33 


6si5i 


1.44598 


71169 


1.39336 






64i5S 


66650 


i-5oo38 




1-44508 


118.3 


1-39250 


19 




.64199 


1-55766 


66692 


1-4^ 


69243 


1-44418 


7.857 


1.39165 


18 


43 


64i4o 


1-55666 


66734 




1-44329 


71901 


1 -.30019 


17 




64381 


1-55567 


m 


'i-ZS 


59329 


1.44J39 


71946 


1.3^994 


1^ 


45 


64322 


1.55467 


6931a 


1.44149 


71990 


..38909 


i5 




64363 


I- 5358 


66860 


1-49566 


694.5 


1-4J060 


12034 


1-3883, 




a 


64404 


1- 5269 


66902 




6959 


1-43970 


13018 


I^3te5; 


i3 


64446 


I- 5170 


66944 


1-493^ 




..43881 


13.33 




4g 


64487 


1- 607. 


66986 


69 45 


1-43792 


13165 


1-38568 




5a 


6493^ 


\:%l 


67038 


1-49190 


6988 


1.43703 
1.43^.4 


13311 






5i 


54569 


67071 




69631 


71255 




1 


53 


64610 


1-5477'! 


67113 


\'-X^g 


69675 


1-43525 




1-38314 


53 


64652 


1-54575 


67.55 


69718 


1-43436 




1 -38? 29 


I 


54 


64693 
64734 


1-54576 


67197 




69761 


1-43347 




1.38145 


55 


1.5447S 


67239 


\'-^ll 


69^04 


1-4325^ 


1243J 




5 


56 


a; 


1.54379 


67282 


69841 


1.43.69 




1 ■31916 




53 


1.543^. 


67394 




6985; 


1.43080 


1252? 


i.3ig9- 


3 


58 


64B58 


1-54.03 


67355 


1-43442 


69934 


..42991 


7256S 


1-31807 




59 


64899 


1.54085 


67409 


i:a 


69911 


1.43903 


12610 


.-3772 






6494i 


1-53986 


6,451 


10O31 


1-43815 


13654 


i-37«8 







CoU^g 


Ta„g.„t 


Coi^g. 


Ta„g«,l. 


OHang 


T^g.,,t 


Co,a«g 


T^imi 




67" 


56= 


66° 


64° 





Hosted by 



Google 



BY THE SAME AUTHOR. 

KOADS AND RAILROADS: 

A lUAHUAlb OF KOAD-ZaASme: 

LOCATION, CONSTRUCTION, AND IMPROVEMENT OF 

BOADS iGommon, Macadam, Piaied, Plrni^ Sc\ md EAILBOADS, 
1 vol. 8yo., pp. 372. SfH edition, ISDi 



iarefnlly looked oset rrofessor ameapls's Manual of Eoad-Maklnj!. it 
, thB boBt work on tiila BulijBot wlUi whldi I am acquaintad ; being, 
mcnt^ compreheuBlveoBsa, and elcarncaB, equally adapted to tlie wants 



Her would ha 


oboen 


truly national 


enaflt; and it Is to be boped that 


nzufeTt^ 


minBrie 


nmybeso 


gen 
erii. 


ital as to make a knowledge ol the p 
aa popular as it ia important to all 










D. h: MAHAN, 






JViiftsSff 


>■ cfOiml ^hn/inelHng in the 






















'If tie well-established 




of! 


oad-Makine, which are to pl^ly ae 








well illnattated, could be once put 


alnseinthiaco 








Did bear testimony to the &ct thai; t 


fl great public b 






fl«'S 


Anurtean, Jowaal qfSefenee. 



II rolurae contaicamuch valuable matter, dei'ived fkim tbe beatanthoridea, 
In aclcsr and aimple style. For tJia want of information irhioh is cootalDed 
al, Bcrious mistakes arc ftequently mide, and roade are badly located and 
badly coEstruoted by perfiono ignorant of the troe principles whioh ought to goTom in 
mob cases. By the oitanrtve droulaKon of auoh booita as that now b^ore DS, and the 
Imparling of sonnd Ttcwa on Hie aubjeotto the filuacnta of oar colleff ato InatitutionB, we 

" Eoad-making. Id any eonntry, is one of Uie Ktlre means and flrsWl^attB of civiliza- 
tion. The public, thereftire, la much indebted to Mr. Gillespie for the work now j>nb- 
laikalilc, th 



. Tbe I 



and oomplete 



ork has il 



la to tills delay. Perhaps no work ai 
Jay. Tlia author hiTing visited Europe a few years alace for the puipoae of colleotJ 
nformaUon, lias since been employed both as a practical CDS^ueer and aa a profeeeoi 
Uic aolenco of engbieerlng; and the subject Df road-making, nbich has b«en overload 
by otbera, bna engaged hia apocEal attention." — Jf. Y. CourUi- and Enquirer. 



>f tbe whole aultjeot ; sbowing what roads ongbt to be In the vital points of dire 
(lopes, shape, BBifiice, and coat, and giving methods of perfbtmiug all the nea 
ueasnremenls of dialancea, directions, and helghta, without the use of any Instrui 
3iit sudi aa any meobanla oan make and any farmer use."— Newark Daily Adve, 

"It would astonish many ' path-mastere' ta see how much they don't linow 
regard io the very bualnoaa they have considered themselves auoh adepta in. Y 
'a so Bimple, so ludfl, so straight-forward, bo manlftatly true, that tlie moat oro 
4nd leaat-inalTDcled mind cannot M\ to profit by it "We troat this usefnl and exc 
(olnine may And Its way into every vilh.ge librsiy, it m 



Lany a neighborhood, and that bad roads wi 



work will be a wdcoi 
sftirelt"— .y«0 Yorh 
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